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CHAPTER I. INTRODUCTION 
A Brief Background 
Ethiopia has an immense potential for high agricultural 
production, which is yet far from realization. Sixty-nine 
percent of the total land mass is estimated to be suitable 
for agriculture, but only about 1/5 of this is cultivated. 
The agricultural sector which comprises over 85% of the pop­
ulation, is the most important economic activity. Agri­
cultural commodities constitute 95% of the total national 
exports. These exports include mainly agricultural raw 
materials such as coffee, meat, pulses, oilseeds, animal 
hides and skins with coffee alone comprising about 2/3 of 
the total exports (22,23). 
The feudal land tenure system under the former regime 
was a main institutional impediment to agricultural de­
velopment. Under this system, land and wealth was concen­
trated in the hands of a few absentee landlords who extrac­
ted between 60% and 75% of tenant farmers output in the form 
of rent. The majority of the tenant farmers also held un-
economically small and fragmented tracts of land. 
After the deposition of the feudal monarchy by the 
September 1974 Ethiopian Revolution led by the armed forces, 
the former feudal economic and production relations have been 
abolished. Land was nationalized and put under the control 
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of the peasants by the March 1975 government proclamation. 
Banks, financial institutions and over 100 companies 
including basic industries such as iron, steel, cement, 
refinery, textiles, tobacco, transportation, major hotels, 
tourism, and utilities were nationalized. Export-import 
firms and some small scale industries such as food processing, 
weaving, baking, marketing, etc. were left to the private 
sector or put under joint private-public participation 
[23] . 
Since the revolution, agriculture has been undergoing 
a major transformation. In addition to sweeping away the 
former feudal land tenure system, the state has made some 
progress in mobilizing human and material resources to im­
prove socio-economic conditions of the masses. Farms are 
in the process of being organized into the following pro­
duction units: First, household farms of a maximum size of 
10 hectares as provided in the March 4,1975 decree of rural 
land nationalization; second, state farms comprised of former 
estates, plantations, and large commercial farms and third, 
cooperatives which are in the process of being organized 
on a voluntary basis as provided in the September, 1977 
government decree [6]. 
More recently, the Ethiopian government has initiated a 
national economic development campaign with the general 
objective of meeting growing food and consumer food 
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demands of the population, reducing illiteracy, unemploy­
ment, and disease. The immediate targets of this campaign 
are to increase food production on individual household 
farm producers and cooperatives, to raise the production of 
agricultural raw materials for exports on state farms, to 
stimulate domestic industry in order to meet domestic de­
mands of the population for consumer goods, to improve 
marketing and distribution of farm products by providing 
favorable prices to farmers, and to provide jobs for the 
urban unemployed [23]. The long term goal is to create a 
strong economy with agriculture providing the basis. Targets 
set to be fulfilled during the current annual economic de­
velopment campaign include an increase in the production of 
grain by 1.64 million quintals from over 82,600 hectares of 
state farms, and the relocation of about 62,000 persons on 
state farms during the process. Some 23,228 agricultural 
agents are to be trained also in order to organize and teach 
farmers the use of modern agricultural techniques. Con­
siderable progress has been made in alleviating the appa­
rently persisting famine and drought situation. Over 
250,000 persons have been resettled at the cost of 75 
million Birr in this effort [58] . Another example of this 
reconstruction and development effort by the present govern­
ment is in the Ogaden area which not too long ago was a 
scene of bloody battle. Here, according to Africa, is 
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established'^ large agricultural scheme covering 10,000 
hectares of land at the Sheneka State farm in the Bale 
administrative region. Although sporadic acts of sabotage 
by Somali-backed infiltrators are still in evidence, the 
government has tended to regard these as perhaps a continuing 
source of irritation that has to be dealt with on a piece meal 
basis at least for the time being" [24, p. 29]. 
Farmers' associations are in the process of being formed 
to facilitate both the proper execution of land reform and 
organization of farmers into a viable production units. 
These associations are multi-purpose political, administra­
tive , and organizational units covering a wide ranges of 
socio-economic development activities established at national, 
regional, and local levels. The associations encompass both 
individual household and cooperative producers. When fully 
organized, the bulk of the country's food production will be 
under these associations. The associations are also used as 
complements and substitutes for extension programs designed 
for the introduction of improved management of resources 
and technologies. Farmers in the associations participate in 
both cooperative and individual production farm production 
activities. Cooperative production is not alien to Ethiopian 
farmers as it is practiced traditionally. Farmers' association 
and cooperatives make this practice institutionally formal. 
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In general, as a multipurpose organization, the functions of 
farmers' associations include (49); a) mobilization of 
seasonally unemployed rural labor force for land improvement, 
building of dams and irrigation channels, construction of 
roads, schools, and clinics; b) diversification of rural 
economic activity to encompass forestry, small scale indus­
trialization and capital formation from savings of farmers 
associations; c) provision of essential social services to 
the masses especially in form of health and education, and 
d) the supporting and strengthening of the political and 
ideological system of socialist Ethiopia. 
These farmers' associations that are presently coordi­
nated by the National Revolutionary Development Compaign -
Central Planning Supreme Council (NRDC-CPSC) and will be 
politically guided by the recently established Commission to 
Organize the Party of Working people in Ethiopia (COPWE) which 
is under the provisional Military Administrative Council (PMAC). 
Problem Situation 
Although considerable efforts are being made to enhance 
economic development in general and agricultural development 
in particular since the revolution, growth in agriculture 
lags behind other sectors. Yet, the major portion of the 
countries gross domestic product (GDP) originates from 
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agriculture as shown in Table 1.1 [69, pp. 78-80]. 
Table 1.1. Agricultural sectors contribution to the 
Gross Domestic Product (GDP) and its per­
formance in relation to other sectors of the 
national economy 
Sector Annual growth rate (1970-76) 
Distribution of GDP 
by sectoral origins 
(1976) 
Agriculture 0.90 50 
Industry 1.5 15 
Services 4.4 35 
Gross Domestic 
Product (GDP) 2.5 100 
This relative deficiency in growth rate is a direct 
result of low productivity in agriculture. Farm productivity 
must increase in order to not only close this deficisncy 
gap in growth rate, but to improve the well-being of the 
masses and make possible the release of material and human 
resources required for industrialization. This process 
which is essential for economic growth is achieved when new 
technology is introduced and resources are efficiently 
allocated on farms [60]. 
Increased productivity in agriculture is crucial since 
this sector will have to play a major role in the country's 
economic growth for some time to come. As the largest 
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employer of the population, the agricultural sector will be 
the main source of manpower for industrialization. Food 
and raw materials for industry and labor force must come 
from the farm sector. Increased farm productivity allows 
labor and other resources to be available for economic growth 
without decreasing food production. Agricultural exports 
will provide the necessary foreign exchange for economic 
development. The large agricultural sector will have to 
serve as the main source of savings and investment needed 
for economic growth to take off. The farm population will 
also be the major source of market and effective demand at 
this stage of the country's economic development [44]. If 
per capita income rises from increased farm productivity and 
returns, population growth and income elasticity of demand 
for farm products are favorable for the achievement of 
greater aggregate demand which has a multiplied effect on 
growth in the Gross National Product (GNP). Thus, if agri­
culture is neglected, not only will low productivity which 
results in low farm Income and rural poverty persist, but 
industrialization and economic growth will suffer. This 
crucial role of agriculture is emphasized by an Ethiopian 
geographer who wrote: "Ignoring 90% of the Ethiopian popu­
lation in rural darkness and subsistence misery, it is im­
possible to bring about industrialization. Any plan that 
excludes the large segment of the population is economically 
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unworkable, socially unjust, and morally deplorable" [50, 
p. 127]. 
The Revolutionary Land Reform has the effect of re­
distributing income and wealth among the population more 
equitably. This has a further effect of changing the 
consumption patterns towards increased demand for food and 
basic necessities and decreased demand for luxury and 
imported items, that formerly went to the rich [49]. Thus, 
farm productivity must increase both to meet this new 
composition of effective demand and also to provide raw 
materials for domestic industry in order to meet the now 
more diffused and egalitarian income and consumption patterns. 
The problem of low productivity in agriculture is not 
isolated from the total economic development process. In 
order to both solve the immediate inadequacy of food pro­
duction and establish a strong base for the national economy, 
policies that result in increased supplies of farm commodi­
ties and resources are needed. Such developmental policies 
at this stage of economic growth will result in three social 
and economic goals of greater consumer welfare by reducing 
real food prices to consumer, enhanced economic growth by 
expanding domestic and export industry and market, and in­
creased income of the large farm population. Such positive 
sum outcome is possible due to price elastic demand for farm 
commodities at present [30]. 
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Thus, applied research is needed to assist in the formu­
lation policies for economic development and in the analysis 
of the effects of these alternative policies. Relevant 
studies should be framed within the country's overall insti­
tutional framework of socialism. Since a socialist economy 
is essentially a planned economy, application of planning 
and/or programming models at micro or farm level and macro 
(regional and national) are extremely important. 
Study Objectives 
This study emphasizes economic growth at a micro or 
household farm level based on four average farms in four dif­
ferent areas in Chilalo Awraja^, Arssi Region of Ethiopia. A 
programming approach is used that seeks to provide a norma­
tive solution as compared to positive or statistical solu­
tion, to indicate a benchmark target for economic policies. 
Although the analysis is based on four average farms due to 
lack of data for a similar application at the regional and 
national level, the methods and techniques needed for building 
programming models for national and regional planning models 
are basically those required for household farm models [3]. 
The general guiding proposition for analysis in this 
thesis is that low productivity directly results in low 
returns to traditional resources and low farm income, and 
^Awraja is an Ethiopian term for province. Thus, the 
terms Awraja and province are used interchangeably. 
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that it is possible to increase farm productivity and there­
fore alleviate rural poverty by means of technological im­
provements in agricultural production along with efficient 
organization and management of resources. 
Given the stated general hypothesis above, the more 
specific objectives of this study are: 1) to describe the 
crucial role of agriculture in the national economy of 
Ethiopia including the constraints that contributed to the 
low farm productivity problem and some recent pre-revolution 
programs and policies that affected agriculture; 2) to develop 
eight linear programming models for four area average farms 
(two for each farm) to be used for empirical analysis after 
a brief presentation of concepts and theories that are 
related to and form the basis for these models. The two 
types of models for each of the four average farms depict: 
a) where crop production is based strictly on traditional 
techniques and b) when improved technology is introduced and 
allowed to compete with traditional crop production methods; 
3) to solve for optimal plans for each of the four average 
farms under several alternative combinations of resource, 
technology, and objective function situations; 4) to examine 
the effects of introducing improved technology, different 
operating capital levels, and additional labor availability 
by comparing and parametizing on the basic optimal solutions; 
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5) to show the shadow prices (î-îVP) of different capital levels 
for different resource and technology alternatives and finally 
to discuss some policy implications related to and based on 
the analysis. 
12 
CHAPTER II. REVIEW OF SOME RELATED THEORETICAL CONCEPTS 
Introduction 
The purpose of this chapter is to briefly explore the 
conceptual framework of this study by outlining the theo­
retical basis for the programming models used and presenting 
some related models of household farm production behavior. 
The main problem investigated here is that of low resource 
productivity on peasant household farms as it leads to low in­
come and rural poverty in Ethiopia. Given that several fac­
tors may actually lead to low farm productivity, the hy­
pothesis examined, which is implicit in the programming 
models of this thesis is that low farm resource productivity 
can be improved in two ways. First, by reallocation of 
existing resources under indigenous technology, so that re­
sources are efficiently or optimally used on farms. Second, 
by the introduction of new and improved technology and farming 
methods consistent with the country's stage of economic 
growth and resource base along efficient use of resources 
on farms. The new production technology introduced is 
viewed as appropriate i.e., one that economizes on rela­
tively scarce factors such as land and capital and uses the 
relatively abundant factor such as unskilled rural labor 
force. 
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General Considerations 
Low resource productivity is one of the major factors 
that has kept the Ethiopian peasant farmer in what can be 
characterized as the vicious circle of rural poverty as 
can be depicted below. 
Low income y 
Low productivity ^Low savings 
'Low investment' 
In the circle above, moving clockwise, low resource pro­
ductivity on farms leads to low farm income, which in turn leads 
to low savings. Low savings will result in low investment or 
capital formation which results again in low productivity and 
so on [70]. The low productivity culprit may be caused by 
several factors. In Ethiopia, these factors include the for­
mer feudal land tenure systems that led to both continued 
fragmentation of land holdings into uneconomic sizes and re­
sulted in maldistribution of land and wealth; poor farming 
methods and soil depleting practices of farmers due to igno­
rance and tradition; lack of appropriate government economic 
policies and supportive institutions under the former regime; 
lack of technical innovations, capital and credit; inadequacy of 
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marketing arrangements for farm products often dominated 
by traditional petty traders and monopolistic middlemen. Each 
of the factors noted above that resulted in low farm pro­
ductivity are potential areas of investigation. The focus 
of investigation here, however, is to show how the low re­
source productivity problem may be overcome through optimal 
or efficient reallocation of resources given the existing 
production techniques and improvements of traditional pro­
duction methods. Regardless of the social and the institu­
tional structure of farms, if farm productivity is to be 
increased, the important questions of how resources are to 
be efficiently allocated and how the existing farming methods 
can be improved must be answered. 
Early approaches to economic growth for Ethiopia and 
other developing countries in similar stages of growth 
have put too much emphasis on large industries concen­
trated in a few urban areas with adverse consequences of 
regional income disparity and rural mass poverty. These 
approaches are increasingly becoming economically unfit in 
many countries, considering the stages of economic growth, 
and the relative availability of resources. A more equitable 
economic growth requires a strategy of improved pro­
ductivity in agricultural sector where the majority of the 
population is economically active. This productivity in­
crease in agriculture may be achieved by better management 
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of resources and introduction of improved technology, i.e., 
technology embodied in better seeds, fertilizer, herbicides, 
improved tools and equipment, new animal husbandry tech­
niques, veterinary services, etc. The improved technology 
introduced must be both ecologically and economically viable. 
Economic viability requires that the country make an ap­
propriate choice among alternative paths of potential 
technologies. If agricultural progress is viewed as a 
process of easing constraints on production imposed by in­
elastic supplies of capital and land, then technical change 
must be embodied in new and productive inputs that relax 
these constraints [29]. Chemical and biological tech­
nologies are in general land saving and can be used to relax 
land constraints by increasing output per hectare. Mechani­
cal technology, on the other hand, is labor saving and land 
using. Mechanization, however, is uneconomic from social or 
community viewpoint unless there is a shortage of labor 
relative to land. If labor is abundant and employment is 
lacking ac in the Ethiopian case, the effect of mechanization 
is to increase rural unemployment and put pressure on scarce 
foreign exchange required for importation of machinery, 
tractors, and fuel. It is only viable if other sectors are 
growing and labor can be rapidly drawn from agriculture to 
industry. But such a transfer is a slow process. Productivity 
increase through introducing appropriate technology and 
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efficient use of resources is shown in Figure 2.1 [33]. 
Three production processes depicting different capital-
labor ratios are shown on isoquants Q and Q' on Figure 2.1. 
A, B and C correspond to alternative paths of technologies 
open to the farm firm. Capital-Labor (K/L) ratio decreases 
as one moves from A to C along the isoquants with combina­
tion A the most capital intensive or least labor intensive 
and combination C least capital intensive production 
process (i.e., (K/L)^ > (K/Ljg > (K/L)^). 
The process of technical change is shown on Figure 2.1 
as a movement from isoquant Q to Q', where both Q and Q' 
represent the same level of output. Technical change here 
is viewed as a process where the same level of output is 
produced by smaller combination of resources as a result of 
increased marginal productivity of labor or capital. Tech­
nical change can also be viewed as a process where the same 
combination of capital and labor results in increased out­
put. If production process B is chosen by the farm firm, 
efficient use of resources of factors under traditional 
technology requires the use of ccifibination B on isoquant Q, 
where the rate of technical substitution between capital and 
labor equals the ratio of factor prices (i.e., MKTS = = 
Py/P^), and prices are assumed to be given reflecting the 
relative scarcity of capital and labor. Technical change 
that is factor neutral will involve the movement from B to 
17 
Human Labor and Tractors 
Human Labor and Animals 
y^Human Labor and Hand Tools c 
LABOR (L) 
Figure 2.1. ISO-quants representing alternative techno­
logical paths and technical change 
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B", while a labor using and capital using technical change 
can be shown by a movement from B to C and B to A*, 
respectively. An appropriate technical change for house­
hold farms in Ethiopia should involve movement from B to B' 
or B to C'. But, knowledge of factor productivity is needed 
before such appropriate technological choices are made 
whether farms are organized into production units of house­
hold, cooperatives or state farms. Thus, rapid reorganiza­
tion of farms based on purely ideological consideration with­
out a genuine policies based on the knowledge of resource 
productivity and alternative technological possibilities could 
retard the economic growth process. 
This study therefore directly inquires how resources 
can rationally be used on household farms in order to increase 
production in a particular region in Ethiopia. It is thus 
concerned with the very core of the objective of production 
economics research as outlined by Heady, "to guide indi­
vidual farmers in the best use of their resources — and to 
provide fundamental analysis of the efficiency of farm re­
source combinations which can serve as a basis for improving 
the public administration of resources where agricultural 
policy or institutions which condition production efficiency 
are concerned" [32, p. 205]. 
Information on proper and efficient management of 
resources and the use of new farm technologies must be 
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complemented by availability of capital and credit to farmers 
through the establishment of institutions that transmit 
available saving surplus for investment. This process in­
volves the development of a system of effective financial 
intermediates that replace traditional money lenders that 
often charge farmers extremely high interest rates, and the 
development of a public sector mechanism where savings is 
captured by means of taxation. The former mechanism provides 
a channel to farmers through which they can directly invest 
on new and improved technologies. In the later case, public 
investments on research; education and extension services are 
required. 
Models of Household Farm 
Dec i s ion-Making 
Production decision under certain environment 
The theoretical basis for optimal resource use and 
product combination on household farms is essentially the 
theory of the firm. The theory of the firm may be approached 
through neoclassical-marginal analysis or the linear pro­
gramming method [7]. Both approaches are related and have 
their advantages and limitations. 
The neoclassical analysis is based on the concept of 
the production function where the quantity to be optimized 
or the farm firms objective function is assumed to be a 
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continuous function of independent variables with continuous 
first and second order partial derivatives. This approach 
assumes that optimal production processes have been deter­
mined with continuous first and second order partial deriva­
tives. This premise is implicit in the very concept of the 
production function since by definition this function shows 
the maximum possible output that can be obtained from a given 
input combination at a point in time. However, the choice of 
optimal combinations of production processes is in itself a 
problem that can be handled by mathematical programming [7]. 
Furthermore, the nature of the production function is also 
very important in agriculture in terms of its implication 
for farm size and organization of farms. If the production 
function has constant returns to scale or homogeneous of 
degree one, farms of different sizes can coexist with equal 
efficiency. But, if increasing returns (homogeneous of 
degree greater than one) prevail, farms need to be large to 
be efficient, and if decreasing returns to scale (homogeneous 
of degree less than one) characterize.-.: the production func­
tion then farms need to be smaller to be efficient. Although 
increasing returns to scale seems unlikely to prevail in 
agriculture, the exact nature of the production function is an 
open empirical question for a particular region and farms. 
Linear programming is used in this study to make the 
neoclassical approach more operational by replacing the 
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continuous production function with a collection of inde­
pendent linear activities. This method assumes that linear 
and homogeneous production functions where the quantity to be 
maximized is stated as a linear function of independent 
variables subject to linear inequalities stated in terms of 
these variables. But, variations of the basic L.P. method 
have been developed to overcome some of the restrictive 
assumptions for specific applications [3]. 
The neoclassical theory of the firm will be slightly 
modified here to explain the behavior of household farms 
being investigated in this thesis. The modifications involve 
a) the inclusion of farm households minimum consumption 
restraint in the farmers objective function and, b) the 
consideration of limited operating capital by the method of 
Lagrangian multiplier. 
Let 
Q = total quantity different crops produced on farm. 
= quantity of crops produced and consumed on the farm 
Qg = quantity of crops produced for sale. 
(i = 1,2 ,...j...n) = quantities of factors used in 
the production process 
/ • • • 
= l,2,...n) are per unit prices of factor gi 
to the farm firm. 
P Q = per unit price of homogeneous output (Q) 
K = maximum operating capital available to the farm 
household 
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Q = minimum quantity of crops in quintals for household 
consumption per year. 
Given the above definitions, the following relations can be 
established: 
1) Q = Q(X^), i = 1,2,...n production function, 
2) Q = + Qg - total crop production, 
3) C = C(Q ) - farm households consumption function, 
_ n 
4) K >_ E R.X. - operating capital restraint, 
i=l ^ ^  
5) n = PQ^(Xj^) - - profit function, and 
6) Q ^  0^ - minimum restraint on farm consumption crops. 
The farm households economic problem is then to maximize 
profit function (5) subject to capital limitation (4) and 
minimum consumption constraint (6). In Lagrangian form 
the constrained maximization problem is : 
L = PQg(X^) - E + X^(K-EXj_Rj_) + 
i—1 
The first order conditions are: 
SL 9Q 
~ ^ SXT " + ^2 33(7 ~ ° 
for i = 1,2,3,n. 
3L — ^ n+1) ^ = K - E X . R .  = 0 
-••1 i=l - -
n+2) It = Ô - Q^(X.) = 0 
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There is a total of n+2 equations or First Order Conditions 
(FOC). 
= marginal value product of operating capital 
^2 = shadow price of crops consumed on farm in terms of 
forgone farm income from sale of crops i.e., 
magnitude of decrease in farm income if farm 
consumption increases by one unit 
The marginal rate of technical substitution between 
any inputs i and j can be obtained by dividing MVPX^ into 
MVPX. from the First Order Condition equations as follows 
^2 
, 
3X. AX.  1 1 
ax .  ^2 ax .  ] ] 
or 
Marginal value product Marginal value product 
of input X^ used in ^ of input X^ used in 
crops sold (MVPX?) consumed crops (MVPX?) 
Marginal value product Marginal value product 
of input X. used in of input j used in 
crops sold'(MVPxS) consumed crops (MVPxC) 
The efficient use of any pair of factors i and j would require 
the above equilibrium condition to be fulfilled. 
The First Order Conditions of the constrained maximiza­
tion problem implies that the farm firm should use each 
factor X^ and operating capital up to the point where the 
marginal value product from the sale of product in the 
market is equal to input price of the factor (R^) less the 
Price of 
input X. 
(R. ) 1 
Price of 
input X^ 
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shadow price or opportunity cost of using the factor in 
30c 
producing crops for household consumption (Xg 33^) for i = 
l/2f••# n e 
The second order or sufficient conditions for optimality 
require that the marginal productivities of each resource 
be decreasing i.e., decreasing returns to scale should pre-
ao *i 
vail in the production function ^< 1.0) [35]. 
The farm households derived demands for capital and factors 
(i = l,2,3,...n) are obtained by simultaneously solving 
the first order conditions of n+1 equations. 
In general, when all factors are variable and inter­
action exists between factors, resource derived demands 
(X^) i = 1,2,...n and farmers demand for operating capital 
can be expressed in the following general functional terms 
Xi = aj^(Tj^,Y2---Tj---Tjj. Pg, Pq) 
-2 = V.' V 
Xj = dj (YJ^ . Y 2 - • - f j - • P Q)  
K  =  D J ; ( Y J ^ , Y 2 . . . Y J . . . Y N ,  P K '  V  
where 
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9X. 
•5— < 0 (slope of derived demand for X. (i = l,2,...n) 0  Y  1  
ax .  
> 0 if i and j are substitute inputs in production 
dYj 
9X. 
— < 0 if i and j are complementary inputs in 
production 
ax .  
> 0 for any normal factor i = 1,2,...n 
ax .  
— < 0 if capital is complementary to other inputs (X^) 
ax .  
> 0 if capital is substitute to other factors (X.) 
The optimal supply decision of the farm household is obtained 
by substituting factor demand functions into the production 
function. 
Q = f(X^,X2,...X....Xn, K, Pg) 
Where Q is assumed to be total farm output consisting 
of several different crops. 
Where 
30® 
> 0, for normal inputs i = 1,2,...n 
> 0, if capital is a normal factor 
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30® 
> 0 (slope of supply function) . 
So, once the farm firm knows the optimal quantities of 
inputs to use such as labor, fertilizer, capital etc., 
(obtained from the First Order Conditions of constrained 
profit maximization equation), then its optimal supply 
decision for different crops is also known given the pro­
duction function i.e., the exact nature of physical input-
output relations. 
The demand for capital Operating capital is a 
scarce factor to Chilalo farmers in contrast to abundant 
labor. Capital may take many forms such as physical capital 
(machinery, fertilizers, etc.), or human capital, but the 
focus here is on the farmers demand for operating capital. 
Farm households demand for capital depends on: 
i) price of capital (P ) - interest rate for borrowed 
capital 
ii) price of other factors (P^) - such as price of 
hired labor, fertilizer, etc. 
iii) technology (T) 
iv) price of farm products (P^) 
v) marginal physical productivity of capital (MPP^,) 
K'^  = D(P^ , PQ, T, P„, MPPJ.) 
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In the short run, when other factors or determinants of 
d ~ demand for capital are constant, K = d(Py/ ^  < 0, is the 
demand curve for capital or the marginal value of capital 
for a farm household in competitive product and resource 
markets. The optimal use of capital in this case is for the 
farmer to use capital up to the point where marginal pro­
ductivity of capital is equal to real price of capital 
2% 
In the long run or when the other determinants of demand 
for capital change, then the derived demand for capital is 
more elastic than its marginal value product. The reason 
for this is illustrated with the help of Figure 2.2. 
For a farm firm in competitive market and faces price 
of capital (C^), the optimal use of capital will be 
where = MVP^^. If price of capital declines from 
to C2, in the short run (when other factors are constant) 
the farmer will increase capital use from to K2 moving 
downward along original marginal value product for capital 
curve (d^), but in the long run when other factors change 
i.e., when the farmer has the opportunity to hire more labor, 
use more fertilizer, machinery, etc. The short run demand 
curvA for capital (MVP^) shifts out to d2. So in the long 
run, a price decline for capital from to C2 will induce 
the farmer to use OK^ units of capital. Thus the long run 
demand curve has greater elasticity than short run demand 
28 
•Short Run Derived 
Demand Curves 
Long Run Derived 
Demand Curve 
QUANTITY OF CAPITAL (K) 
Figure 2.2. Hypothetical short run and long run demand 
functions for capital 
29 
(MVP) for capital as shown in Figure 2.2. Actually, a change in 
any of determinants of capital except for price of capital 
will shift the marginal value product of capital. The 
general demand function for operating capital = 
d(C, T, P Q, P Q, M P JÇ) has the following properties: 
< 0 slope of derived demand for capital - the effect 
of change in real price of capital on capital use 
> 0 (the effect of change in technology on capital 
use) 
AK^ 
> 0 the effect of change in price of output on 
Q capital use 
Production decision under uncertain environment^ 
The analysis of farm household production decision out­
lined earlier and programming models used in this study 
assume an environment of perfect information. However, 
risk and uncertainty are major factors in the production 
decisions of peasant farmers in Ethiopia. A distinction can 
be made between risk and uncertainty. Risk exists when the 
outcome of a production process such as yield per hectare is 
a random variable with a known probability distribution. 
Uncertainty occurs when the probabilities associated with 
the outcome of a production process are unknown. Weather is 
a main cause of uncertainty for peasant farmers. Since 
weather as an input is random, yield becomes a random variable. 
^Some of the discussion in this section draws from [3,20] . 
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Thus, farm income which is a function of yield becomes 
a random variable. Extreme weather associated with rainfall, 
humidity, sunshine, wind, hail, etc. may threaten farmers 
food security and force him to be conservative and resist 
change. Even if the production function is known; random­
ness in weather will cause farm output and therefore income 
to be variable. 
The dilemma faced by peasant farmer in the use of re­
sources under uncertainty can be illustrated as follows [20]. 
Suppose farmers' production of barley depends on fertilizer 
input and three outcomes of weather (dry-average-wet), as­
suming other factors constant. Fertilizer is the controlled 
input while weather is the uncontrolled factor. If the 
marginal product of fertilizer depends on the outcome of 
weather which is a random input; the optimal use of fertilizer 
becomes a random variable also. This forces the farmer to 
face a basic dilemma of using too little fertilizer (the 
controlled input) and foregoing a high potential income 
some years or using too much fertilizer and incurring a 
loss in other years, as shown on Figure 2.3 [20, p. 246]. 
If the farmer used OF^ quintals of fertilizer and 
wet weather occurred his yield will be OQ^ which is less than 
OQg, the amount it would have been had he used OF^ quintals 
of fertilizer. 
In cases such as the above, where random inputs like 
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Figure 2,3. Hypothetical productivity curves showing 
resource use dilemma caused by dry, average 
and wet seasons 
32 
weather and controlled inputs such as fertilizer interact 
in farmers'production decision-making process, the farmer can 
optimize his input use by: a) identifying the random factor 
and determining its probability distribution, b) using a 
technqiue that maximizes expected net income for each 
quintal of fertilizer and determining for each level of 
fertilizer use, costs and revenues of from weather outcome, 
c) selecting the number of quintal fertilizer that maxi­
mizes expected income from barley production and, d) if 
E(P) <0 abandoning the enterprise i.e., selecting among those 
with E(P) > 0 [20, pp. 245-246]. 
However, peasant farmers rarely do maximize expected 
probability of profit because they may not be aware of 
probability distribution and/or farmers who have limited 
capital may choose to maximize the probability of survival 
instead of profit. To illustrate this, suppose a farmer pro­
ducing teff faces two production alternatives with the 
following probability distributions and corresponding net 
income [20, p. 248); 
Alternative A Alternative B 
Probability Net income Probability Net income 
(Birr) (Birr) 
0.25 0 0.30 -120 
0.50 200 0.30 -30 
0.25 400 0.40 900 
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Expected income E(P^) = (0.25) (0) + (200) (0.50) 
+ (0.25) (400) = 200 B 
Expected income E(Pg) = (0. 30 (-120) + (0.30 (-30) 
+ (0.40) (900) = 315 B 
Although the expected probability of net income under 
alternative B exceeds that of alternative A (E(Pg) > E(P^), 
if the farmer ' s objective is to maximize the probability of 
survival of his household, he is more rational if he chooses 
alternative A to alternative B. On the other hand,a dif­
ferent farmer with greater capital may choose alternative B 
to A. The probability distributions shown above may be 
formulated in classical sense through experimentation by 
repeated trials or could be subjective probabilities that 
express the degree of belief about the likelihood of each 
possible outcome in net income. Once the farmer formulates 
these probability distributions, he can gather further in­
formation about probability of outcomes and revise his 
decision procedure through additional information by Bayesian 
method [3]. 
Another approach of explaining the decision-making 
process of the peasant farmer is to assume the farmer 
maximizes expected utility where expected utility E(u) 
depends on expected income and risk (variance of expected 
income) i.e., E(u) = y(E(I), a^) where ^ 0 i.e., the 
i 
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farmer prefers larger expected return to smaller income, 
and smaller variance (measure of risk) to larger variance 
< 0 .  A n  e x p e c t e d  i n c o m e  v a r i a n c e  ( E - V )  f r o n t i e r  
Aa^ 
that gives the minimum possible variance associated with 
each possible level of expected income can be generated as 
shown in Figure 2.4 [20, p. 265]. 
In the conventional neoclassical theory where certainty 
is assumed, combinations A, B, and C cannot all be optimal 
at the same time i.e., if profit maximization is assumed 
and plans A, B, C have the same input requirements, plans 
B and C would be nonoptimal. However, under uncertain en­
vironment plans A, B and C could be equally rational because 
they may reflect degrees of farmers willingness to tolerate 
variability (risk) to achieve greater expected income. The 
choice depends on farmers utility function and his degree of 
risk averseness. The conservative farmer with limited 
capital may choose point C that gives him the least variance 
associated with small income (Ig), while the farmer with 
adequate capital may choose combination A that allows him 
the possibility of gaining the greatest income at a rela­
tively higher risk (V,). However, a combination such as D 
would be nonoptimal, given the assumption that less risk is 
preferred to more under this approach. 
Another useful approach of explaining farmers' production 
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Figure 2.4. The relationship between expected income and 
risk 
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decision under uncertainty is by Savage's subjective 
probability theory. It is assumed here that the farmer 
from past experience, or information from other sources, or 
his own personal beliefs makes some judgement about ex­
pected states of nature or probabilities of weather out­
come for instance. To show this, suppose the farmer has 
three alternative courses of action or strategies to produce 
teff. Suppose these strategies are to use no fertilizer, or 
1.5 quintals, or 3.5 quintals of fertilizer, and suppose 
further that the farmer can assign subjective probabilities 
of .3, .3, .4 that the weather will be dry, average, and 
wet, respectively. If the corresponding yields in quintals 
per hectare are given by payoff matrix as shown below, then 
the optimal strategy can be calculated as follows [3]. 
States of nature 
Farmers strategies (probabilities of weather 
(quintals of fertilizer) outcome) 
Dry Average Wet 
p(d)=.3 p(A)=.3 p(w)=.4 
S^ 0 20 22 25 
S_ 1.5 25 30 33 
S_ 3.5 15 35 10 
Expected returns from no fertilizer = E(S^) = (.3)(20) 
+ .3 (22) + .4 (25) = 22.60 B 
Expected returns from 1.5 quintal use EXSg) = .3(25) 
+ .3(30) + .4(33) = 29.70 B 
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Expected returns from 3.5 quintal EfS^) = .3(15) + .3(35) 
+ .4 (10) = 19.00 B 
The farmer should choose the second strategy i.e., the 
application of 1.5 quintals of fertilizer. 
In general, the expected return from any strategy i 
n 
can be obtained from E(S.) = Z P.a., where P. is the 
^ th probability the farmer attaches to j state of nature and 
a^j is an element in the payoff matrix. Savages' approach 
in a sense reduces farmers production decision problem from 
one of uncertainty to risk (3). 
In an environment of uncertainty that characterizes 
peasant agriculture, game theoretical models are quite help­
ful in explaining production behavior of farmers. These models 
or theories make certain assumptions about the farmers be­
havior based on his psychological make-up, economic environ­
ment- his capital equity position, etc. ... Based on the 
assumption made on behavior of particular farmers, game 
theoretic models of choice may result in selection of dif­
ferent resource use strategies and payoff even when applied 
to the same data. 
For example, a subsistence farmer whose life depends 
on raising enough annually may select a strategy that 
promises him minimum subsistence each year, even though he 
will never get rich. On the other hand, a commercially-
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minded farmer whose capital position allows him to live 
through a bad year may want the plan which will give him a 
maximum return over several years, rather than select a 
series of yearly plans which simply minimize income vari­
ance or risk [3]. 
Three of these game theories of choice are briefly 
discussed in relation to a hypothetical data of a peasant 
farmer producer. These are: 1) Wald's maximum, 2) Laplace 
criterion, 3) Optimism-pessimism criterion. Assume a hypo­
thetical peasant farmer who uses four strategies in "playing 
a game" against nature (weather). The strategies are to plant 
teff, flax, barley, or maize. Further, assume nature also 
has three strategies or weather outcomes which are dry, 
average, or wet seasons. Assume the following payoff matrix 
of net income (Birr) per hectare. 
Farmers strategies 
(quintals of crops) 
Weather 
Dry Average Wet 
Teff (S^) 70 310 200 
Flax (Sg) 75 100 50 
Maize (Sg) 80 150 95 
Barley (S^) 25 275 300 
Based on the above data, a peasant farmer who may be 
conservative due to bad experience with weather or has 
little capital may use Wald's maximum criterion and choose 
the maximum of the minimum income, on the assumption that his 
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opponent (weather in this case) will do the worst to him. 
The farmer will choose to plant maize which will give him 
security of 80 Birr per hectare in the worst case of dry 
weather. Using Wald's maximum criterion, he forgoes the 
possibility of gaining for instance 310 Birr per hectare 
had he planted teff and average weather occurred. 
Another farmer who is less conservative but lacks long 
experience in fanning may naively assume each weather outcome 
to be equally likely and assign equal probabilities to each 
of the three weather situations, thus using Laplace cri­
terion. He will then select to plant the crop that will 
give him the greatest expected income after calculating 
expected payoff of each of his strategies as shown below. 
Expected income from planting teff (S^) = j(70 + 310 + 200) 
= 193.30 B 
Expected income from planting flax (S^) = ^[75 + 100 + 50] 
= 75.00 B 
Expected income from planting maize (S^) = j(80 + 150 + 95) 
= 108,33 B 
Expected income from planting barley (S^) =y(25 + 275 + 300) 
= 200.00 B 
The farmer using Laplace criteria will select strategy 
of planting barley that results in greatest payoff. In 
general expected return for strategy (i = 1,2,...n) is 
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n a^. 
E(S.) = Z —where a. . is an element in payoff matrix 
1 j=i 13 
and 1/n is probability [3]. Still another farmer who • 
is not as conservative as the first farmer and not as 
naive and inexperienced as second farmer may use the 
optimism-pessimism criterion of decision-making. This 
farmer may overcome the limitations of the former two criteria 
by attaching an optimism index of P to the highest payoff 
and a pessimism index of (l-P) to the lowest payoff. Suppose 
the farmers'optimism weight is (P=.8) and pessimism index 
(P=.2) then the expected return for this farmer based on 
original data for each strategy is calculated as follows: 
Expected return from planting teff (S^) = .8(310) + .2(70) 
= 262 B 
Expected return from planting flax (S^) = .8(100) + .2(50) 
= 90 B 
Expected return from planting maize (S^) = .8(150) + .2(80) 
= 136 B 
Expected return from planting barley (S^) = .8(300) + .2(25) 
= 245 B 
In general, E(S^) = P(max a^^) + (l-P)(min a^^) for 
S^ (i = l,2,...n) strategies) where a^j is payoff element in 
the matrix. 
The farmer using optimism-pessimism criterion will 
select the first strategy (i.e., planting teff) which gives 
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him the greatest expected income. So, the three decision 
criteria reflecting production behavior of different farmers 
under uncertainty when applied to the same basic data gives 
three different optimal results. 
Thus, the production behavior of peasant farmers in 
Ethiopia are generally consistent with the above theories 
of choice as crop diversification on small plots of land 
where farmers often plant six, seven or eight crops on small 
plots of land is a common practice among farmers. In so 
doing, these farmers are "playing games" against nature to 
minimize uncertainty along same lines suggested in the above 
discussion. 
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CHAPTER III. AGRICULTURE IN RELATION TO 
THE NATIONAL ECONOMY 
Introduction 
The purpose of this chapter is to provide a brief back­
ground to agriculture in relation to the national economy 
of Ethiopia by describing natural resources affecting agri­
cultural production including soils, land use, and structure 
of farm production. After the significance of the agri­
cultural sector in the economy is presented and the feudal 
land tenure system as the main historical hindrance to • 
agricultural development is briefly discussed, the role of 
some recent pre-revolution public institutions and programs 
designed to affect farm productivity in particular and rural 
development in general are also briefly examined. 
Ethiopia, located in North East Africa has an area of 
475,265 square miles and a population of about 30 million 
that grows at the rate of 2.39%. The country has a Gross 
Domestic Product of 5,586 million Birr (1974 current price) 
and per capita income of about 207 Birr [23]. For administra­
tive purposes, it is divided into 14 regions as shown on 
Figure 3.1. 
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Structure of Agricultural Production and Resources 
Soils and climate 
Two main types of soils, including red to reddish brown 
clay and black soils exist in Ethiopia. The brown soils are 
fertile with good permeability and air-water ratio. The 
black soils, generally found in the lowland areas, are rela­
tively less suited for planting crops because they dry out 
and crack rapidly [43] . A committee on regional aspects of 
national planning classified Ethiopian soils into three 
classes based on fertility. These are good to excellent, 
average to fairly good and useless to poor. Figure 3.2 shows 
their relative spatial distribution in the country [43, p. 
13] . 
Soil erosion poses a major threat to the countries 
agriculture. This has resulted from irresponsible defores­
tation in the past and primitive farming methods. An 
Ethiopian geographer expresses the nature of this soil 
erosion problem as follows. "In Ethiopia man has promoted 
erosion by destroying the vegetation cover. The rugged 
topography and climatic conditions also accelerate soil ero­
sion...the runoff which depends on rain showers and slope 
quickly wash down the soil. So the runoff feeds the gulleys, 
the gulleys feed the streams, and the streams feed in turn 
the rivers which become powerful agents of erosion. As a 
result, there is approximately 2000 tons of soil loss per 
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square kilometer annually. Assuming the Ethiopian highlands 
constitute about 40% of the total area of the country, the 
annual soil loss is estimated over 960 million tons" [50, 
pp. 77-78]. Although some attempt is being made at present 
to deal with this problem through afforestation, soil 
erosion still remains a major natural threat to agriculture 
in Ethiopia. Climate and temperature, like soils also 
strongly affect agriculture. Three major categories of climate 
based on altitude are widely known in Ethiopia. These are 
[43]: a) Dega - temperate climate zone of altitude over 
2400 meters and average temperatures of 16°C; b) Weina Dega -
sub-tropical climate with altitude of 1800 to 2900 meters and 
average temperature of 22°C, where most crop production 
occurs; c) Kolla - tropical climate with altitude less than 
1800 meters and average temperature of 26°C. In addition to 
the above climatic zones, there exist two extreme zones 
known as Wirch - on mountain tops with altitude of over 
3500 meters and average temperatures of 14°C and Berha - a 
desert zone - with average temperature of 30°C and over. The 
country also has two rainy seasons known as the "big rains" 
that occur from June to September and "small rains" that 
occur in late February to early April. Wide variations in 
rainfall and climate occur within short distances according 
to altitude [43]. 
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Land use structure 
Most crop production occurs in the central highlands with 
Weina-Dega or subtropical climate. Here, mixed agriculture 
is practiced where peasant farmers are both engaged in crop 
and livestock production. Animals are mainly kept for work 
and also as a means of saving and investment. Figure 3.3 
shows the main land use structure and agricultural regions 
of the country [43, p. 25]. 
The amount of land that has a potential for agri­
culture is estimated to be about 84.1 million hectares or 
69% of the total land mass. Of this, only 12.9 million 
hectares (10.6%) is brought under cultivation. The rest is 
under pasture and swamps. About 31% of the total land is 
made up of forests, water and water courses, and barren 
land. Table 3.1 shows the amount of land devoted to dif­
ferent uses [43, p. 26]. 
Food production 
Ethiopia is endowed with a variety of crops and live­
stock. Food crop production comprises 93.7% of the total 
cultivated land. Of this amount, cereals make up 73.2%, 
pulses 12.9%, oilseeds 3.8%, inset (7.6%) and others 
(2.5%). Table 3.2 shows the estimates of production of 
major categories of crops in 1966 [43, p. 26]. 
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Table 3.1. Land use structure 
Area 
Land use (Millions of Percent 
hectares) 
Agricultural land 84.1 68.8% 
Cultivated land 12. 9 10 .6% 
Pasture land 66. 0 54 .0 
Swamps 5. 2 4 .2 
Forests 8.8 7.2 
Barren or built-up 17.2 14.1 
Water and water courses 12.1 9.9 
TOTAL AREA 122.2 100.0% 
The distribution of the most important food crops 
in the population's diet which includes teff, wheat, 
barley, maize, sorghum and millet is shown on Figure 
3.4. 
Other important crops include oilseeds such as flax, 
rape seed, ground nuts, sunflower and sesame. Oilseeds 
account for 10% of total exports and are next to coffee 
and hides in terms of their value of export earnings [43]. 
The country's foreign exchange earnings will heavily depend 
on oilseeds in the future due to fluctuations in world 
coffee mills and recent decline in coffee production. 
Major pulse crops include chick peas, field peas, haricot 
beans, horse bean, and lentils. Pulses along with cereals 
50 
Principal Grains 
Maize, Sorghum, Millet 
Principal Grains 
Teff,Parley, Wheat 
•****• Ensete Growing Region 
Approximate Limit of 
^Mainly Nomadic Areas 
Figure 3.4. Distribution of food-crop production 
51 
also constitute an important portion of populations food 
consumption.' 
Livestock production is one of the largest in Africa 
amounting 90 to 100 million of cattle, sheep, and poultry. 
At present, however, there is low quality and large live­
stock loss due to disease and p^or management practices 
[43] 
Table 3.2. Crop production pattern 
Area 
(Thousands of 
hectares) 
Production 
(Thousands of tons) 
Cereals 7,036.2 4,989.7 
Fibers 165.4 21.6 
Oilseeds 685.5 391.7 
Pulses 784.5 568.5 
Stimulants 615.6 a 148.1 
Vegetables, fruits, and spices 1 / /. o 
^Chat, coffee, and tobacco. 
^Including 826 tons of sugar cane. 
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Employment and Industries Based 
on Agriculture 
Aggregate figures for main industries estimated by 
the Ministry of National Community Development (MNCD) 
show that labor force in agriculture to be 85.7% and non-
agriculture 14.3% [43]. The nonagricultural sector consists 
of mining, manufacturing, construction, commerce, 
electricity, communications, and services as shown in 
Table 3.3 [5, p. 24]. 
Table 3.3. Estimated employment classified by industry 
(1968) 
Industry 
Employed 
Number 
( 0 0 0 )  
Percent 
Agriculture 6,358.1 
Mining 6.5 
Manufacturing (including small 
scale and cottage industries) 400.0 
Construction 107.0 
Electricity, gas, water and 
sanitary services 3.0 
Commerce 94.1 
Transport, storage and communica­
tions 31.9 
Services 418.6 
TOTAL 7,419.2 
85.70 
0.09 
5.39 
1.44 
0.04 
1.27 
0.43 
5.64 
100.00 
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In addition to providing the means of subsistence and 
employment for over 85% of the Ethiopian people and gene­
rating 60% of the Gross Domestic Product (GDP), agricultural 
commodities are major inputs to the country's manufacturing 
sector. The industrial sector which is made up of small 
farm related manufacturing firms accounts for about 10% 
of the GDP. Within the industrial sector, food produc­
tion and processing generates 40.3% employment and textiles 
make up about 31.1%. In general, about 77.6% of the employ­
ment is generated by those firms directly using farm com­
modities as inputs. In terms of the gross value of pro­
duction, these firms make up about 67% of the total value 
of industrial group according to Central Statistical Office 
(CSO) estimate 1966. These industrial groups include food, 
tobacco, textiles, and leather and shoes manufacturing. 
The figures are shown on Table 3.4 [43, p. 60]. In the 
export sector, farm commodities constitute about 95% of 
the total exports, with coffee alone comprising 50 to 60% 
of value of exports. 
Land Tenure Systems Prior 
to the Revolution 
Before the March 1975 Nationalization of Land, three 
main types of land tenure systems existed in Ethiopia 
[50]. First, communal-family ownership that predominated in 
Table 3.4. Production and employment in industries 
No. of , Gross value of production 
Industrial group Establish- » Value % 
ments Nuratoer % (Birr) 
Food 73 22,112 40. 3% 80,912,000 30.0% 
Beverages 39 2,473 4.5 41,954,000 15.6 
Tobacco 2 1,093 2.0 7,347,000 2.7 
Textiles 25 17,040 31.1 79,082,000 29.4 
Leather and shoes 20 2,298 4.2 13,074,000 4.9 
Lumber 31 2,147 3.9 6,405,000 2.4 
Building and nonmetallic 
materials 24 3,684 6.7 12,668,000 4.7 
Printing and publishing 23 1,403 2.6 6,405,000 2.4 
Chemicals 22 1,618 3.0 9,308,000 3.4 
Steel, metal, and 
electrical 13 930 1.7 12,200,000 4.5 
TOTAL 272 54,798 100.0% 269,355,000 100.0% 
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the northern part of the country, where land was distributed 
among family members with no exclusive ownership of any 
particular individual. This system resulted in a 
successively fragmented holdings through generations due 
to inheritance and therefore uneconomic holdings for indi­
vidual cultivator. Consequently, the average cultivated 
area per household was less than 2 hectares in most of 
these regions as shown on Table 3.5 [43, p. 27]. 
Second, there was a private ownership that prevailed 
in southern regions where land was concentrated in a few 
hands and cultivated by tenant farmers. Under this system, 
tenants were heavily exploited by landlords by paying 30% 
to 75% of their output and providing additional free labor 
and services to the feudal land lords. Table 3.6 shows 
the percentage of holdings by tenure for different regions 
[43, p. 27]. 
Third, communal-tribal ownership - this was the land 
tenure system that predominated on the nomadic population 
regions of lowland Ethiopia. Here nomadic farmers who 
basically depend on livestock production wandered freely 
in search for grass and water. Under the former regime, 
nomads paid taxes at the rate of 0.50 B per camel, 0.25 B 
per head of cattle, mule, or a horse, and 0.05 B per sheep 
and donkey to the regime with no return in public service 
[50] . 
Table 3.5. Percentage distribution of holdings by size 
Region Size group (hectares) 
Average 
cultivated 
area per 
0-.5 .5-1 1-1.5 1.5-2 2-3 3+ TOTAL holding 
(hectares) 
Arusi 8% 23% 15% 14% 20% 20% 100% 1.94 
Gogam 27 27 18 12 10 6 100 1.15 
Shewa 23 22 16 11 13 15 100 1.67 
Tigre 45 23 16 5 6 5 100 1.27 
Welo 55 25 11 3 4 2 100 0.97 
Welega 29 36 14 10 7 4 100 1.27 
Gemu Gofa 73 19 4 2 2 - 100 0.54 
Begemdir 40 30 13 9 5 3 100 1.40 
Sidama 73 18 5 2 1 1 100 0.52 
Table 3.6. Percentage of holdings by tenure 
Region Owned Rented Partly owned, partly rented TOTAL 
Arusi 48% 45% 7% 100% 
Go jam 80 13 7 100 
Shewa 33 51 16 100 
Tigre 75 7 18 100 
Welo 60 17 23 100 
Welega 41 54 5 100 
Gemu Gofa 53 43 4 100 
Begemdir 71 18 11 100 
Sidamo 61 37 2 100 
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In addition to the main systems cited above, numerous 
variations existed in land tenure systems. For instance 
in one region (Welo) alone, an estimate of 111 land tenure 
conditions have been identified [57]. These numerous and 
complex land tenure systems that existed prior to the 
revolution have been one of the main hindrances to in­
creasing agricultural production by resulting in uneconomic 
land holdings, tenant insecurity and exploitation of tenants 
by landlords. The total abolition of this feudal land tenure 
system which has effectively been accomplished since the 
revolution is an important step towards increasing farm 
productivity and enhancing rural development in Ethiopia. 
Prerevolution Experiences with Rural Development Programs 
Five year plans 
Ethiopia like many developing countries had some 
experiences with comprehensive planning in the form of 
five year plans. These five year plans, however, were 
ineffective in serving agriculture in general and the small 
peasant farmers in particular. Under the former, feudal 
super-structure the plans benefitted a few elites who con­
trolled the means of production. The first and second five 
year plans 1958-1963 and 1963-1968 respectively neglected 
the agricultural sector. In the third five year plan 
(1968-1974), the crucial role of agriculture in the national 
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economy was just beginning to be recognized. But only 13% 
of the directly productive investment was allocated to 
peasant farm sector. The Agricultural and Industrial Bank 
(AIDE) was established in 1970 with primary goal of pro­
viding credit to small farmers. However, most of the AIDE 
loans from 1971 to 1974 benefitted large scale commercial 
farmers and cooperatives as shown on Table 3.7 [64, p. 17]. 
Currently, the national planning strategy which was 
formerly directed by the Ministry of Planning and Develop­
ment is coordinated under Central Planning Supreme Council 
(CPSC) and established at the national, regional, provincial 
and vereda (district) levels and headed by the Head of 
State. Detailed information on the current structure, how­
ever, is not available. 
The Package Projects 
Since the so-called package projects were the main 
strategy used in reaching peasant farmers in the past, it 
is of interest to briefly examine them here. 
There were two types of projects known as the inte­
grated package projects and the minimum package projects 
(MPP) [64]. The former, which are intensive rural develop­
ment programs limited to specific geographical include the 
Arssi Rural Development Unit (ARDU) the Welayta Agricultural 
Development Unit (WADU) formerly known as the Chilalo 
Table 3.7. Distribution of loans; from the Agricultural and Industrial Development 
Bank (AIDE) - 1971-1974 
1971 1972 1973 1974 TOTAL 
Loans Birr „ Birr ~ Birr ~ Birr ~ Birr 
'000 '000 '000 '000 '000 
Agriculture 
Large scale farms ; 7, 384 48. 4 11,249 58. 6 8, 682 50. 7 5,961 22. 8 33,276 42 .8 
Cooperatives^ 7, 383 48. 3 4,081 21. 3 3, 831 22. 4 10,389. 39. 7 25,684 33 .9 
Package projects 500 3. 3 3,866 20. 1 4, 620 26. 9 9,834^ 37. 5 18,820 24 .2 
SUB-TOTAL 15, 267 61. 3 19,196 65. 8 17, 133 36. 4 26,184 54. 7 77,780 52 .2 
Industry 5, 629 22. 6 6,680 22. 9 28, 913 61. 4 19,527 40. 8 60,749 40 .7 
Services and other 
businesses 4, 015 16. 1 3,306 11. 3 1, 021 2. 2 2,165 4. 5 10,507 7 .1 
TOTAL 24, 911 100. 0 29,182 100. 0 47, 067 100. 0 47,876 100. 0 149,036 100 .0 
^These are not cooperatives of small scale subsistence farmers. They are 
cooperatives of relatively smaller commercial farmers engaged in the production of 
cash crops such as sesame, cotton and coffee. 
^The 1974 figure for package projects refers to the loan given by AIDB to the 
Agricultural Input and Marketing Services (AIMS), a subsidiary of AIDB, which serves 
small farmers primarily through the package projects. 
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Agricultural Development Unit (CADU) and the Wollamo 
Agricultural Development Unit (WADU) respectively and the 
Ada District Development Project (ADDP) initiated in 1967, 
1970, 1972, respectively [64]. The general objectives of 
these integrated package projects were to raise small 
farmers real income, to increase farmers*participation in 
local development efforts and activities, to increase 
rural employment and income distribution, to generate 
data for formulating better projects in the future, and 
to continue searching for appropriate methods of enhancing 
rural development. These integrated package programs 
set a target of reaching 90% of the rural population in 
15 to 20 years. But, it was soon realized that these 
intensive package projects were too expensive and slow to 
meet this target. This led to the initiation of the second 
type of projects called the minimum package projects 
(MPP's). The MPP's main goal was to induce farmers to use 
few of the proven technologies and innovations developed 
by the intensive package projects. Only the MPP's were to 
be expanded countrywide, while the intensive package 
projects are retained as testing grounds for new innova­
tions and technologies [64]. 
The Ministry of Agricultures Extension and Project 
Implementation Department (EPID) assumed the responsibility 
of planning and implementing the activities of the minimum 
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package areas including analyzing work programs and budgets, 
evaluating progress report submitted by intensive package 
projects, and securing their support from international 
agencies [60]. EPID's main focus has been on extension 
services through the MPP's, dissemination of improved and 
new technologies through field trials operated by extension 
agents and model farmers located in the MPP areas throughout 
the country. The locations of these minimum package pro­
grams established in 1971 and 1972 are shown on Figure 3.5 
[63, p. 9]. The Ministry of Agriculture (EPID) had the 
responsibility of distributing credit in form of fertilizer 
and improved seeds to small farmers. However, the partici­
pation of tenant farmers was relatively low prior to the 
revolution due to stringent requirements on loans which 
peasant farmers could not meet. This is illustrated on 
Table 3.8 [64, p. 52]. 
According to the Ministry of Agriculture (EPID) report 
of 1974, the minimum package programs are to be expanded 
at the rate of 10 MPP areas and 50 extension areas per year. 
Between 1971 and 1974, 48 MPP areas, 26 demonstration 
areas, and 346 extension areas were initiated. Through 
these programs about 4000 farmers are to be reached in 1971, 
12,700 in 1972, and 25,400 in 1973 [64]. The actual and 
planned expansion of MPP's, extension areas, and the 
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Table 3.8. Distribution of Ministry of Agriculture (EPID) loans in MPP areas 
(1971-1973) 
Amount of 
fertilizer 
(quintals) 
Amount 
of seed 
(quintals) 
Credit participants 
Year Number 
of a 
sales 
Percent 
tenant 
Percent 
owner-
cultivators 
1971 9,460.3 222 4,691 11.2 88.8 
1972 20,174.0 200 12,706 12.1 87.9 
1973 35,160.0 860 25,424 15.4 84.6 
1974 78,475.0 2,000 55,000 
^Number of sales does not necessarily equal the actual number of farmers 
served because one farmer could account for more than one sale. 
^The percentage for the tenant category includes farmers who both own and 
rent land. For example, for 1973 only, 4.9 percent were pure tenants with the 
remaining 10.5 percent being farmers who both own and rent land. 
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percent of the population reached from 1971-1979 are shown 
on Table 3.9 [64, p. 67]. 
There has been a continuous reorganization and changes 
in institutional means of bringing about agricultural and 
rural development since the revolution. Reliable infor­
mation on the latest strategies is not available. 
Table 3.9. Actual and planned expansion of MPP - 1971-1979 
Minimum package Extension Percent of nation's 
areas areas population reached^ 
1971 9 112 5.6 
1972 18 154 7.5 
1973 28 207 9.9 
1974 48 347 16.1 
1975 53 375 17.0 
1976 63 425 18.8 
1977 73 475 20.5 
1978 83 525 22.1 
1979 93 575 23.6 
^Computed on the assumption that there were 4 million farm households in 
1970 increasing at the rate of 2.5 percent per annum, and that the MPP will reach 
2,000 farm households per extension area. 
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CHAPTER IV. THE STUDY AREA 
General Characteristics 
This study is based on Chilalo Awraja, which is lo­
cated in the Arssi region of south central Ethiopia. 
Chilalo, with an area of about 10,000 square kilometers and 
over 400,000 people, is one of the most densely populated 
areas of the country [5]. The analysis of this thesis is 
based on average farms in each of the four sub-areas of 
Chilalo province. The classification of Chilalo into four 
sub-areas is based on homogeneity in climate, soil, and 
agricultural practices. The location of the four areas 
which are Asela, Bekoji, Kofele, and Dera are shown on 
Figure 4.1 [63, p. 11]. 
The Asela area has an altitude of 2000 to 2400 meters 
and precipitation exceeding 1000 mm. The area, in general, 
has the best soil conditions for crop production of the 
four areas. The average farm size was 4.6 hectares in 
1971. 
The Bekoji area has a slightly higher altitude than 
Asela, with about 2800 meters on the average, and greater 
precipitation with some locational variations. The clay 
content of the soil is high like in Asela. The Munesa 
forest, an important natural resource in the region is 
located here. 
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The Kofele area, situated in southernmost Chilalo 
has an average altitude of 2300 meters and precipitation 
of about 1200 millimeters per year. Soils have a rela­
tively lower clay content. 
The Dera area has the lowest altitude with 1500 to 
1800 meters and relatively lower precipitation. Soils 
are of very low clay content. Crop production is relatively 
low compared to other areas [4]. 
Land distribution of the four areas of Chilalo according 
to soil fertility is shown on Table 4.1 [4, p. 4]. 
Crop Production and Traditional 
Farming Methods 
The Chilalo province is a major producer of cereal 
and pulse crops in Ethiopia. Production of up to eight 
crops including wheat, barley, flax, maize, field peas, 
teff, broad bean, and rape seed is considered in this 
study. The quantities of these crops for each of the areas 
are shown on Table 4.2 [4, p. 14]. 
Traditional agricultural practices in Chilalo are 
similar to most of the highland Ethiopian farming methods. 
Seed bed preparation is a very tedious task. Soil is 
plowed three to four times with a local plow and a pair of 
oxen. Seed is taken from earlier harvests often with much 
weed mixed in and broadcasted by hand. Land is plowed 
I 
I 
Table 4.1. Land distribution in the four areas of Chilalo Awraja according to 
soil fertility [4, p. 4] 
Percent 
Area Fertile Semifertile Poor TOTAL of total 
area 
Asela Hectares 
Percent 
119,700 
80 
14,200 
9 
16,600 
11 
150,500 
100 
23 
Bekoji Hectares 
Percent 
142,900 
70 
53,700 
26 
8,900 
4 
205,500 
100 
32 
Kofele Hectares 
Percent 
90,200 
61 
43,700 
30 
13,600 
9 
147,500 
100 
23 
Dora Hectares 
Percent 
79,200 
54 
32,500 
22 
35,200 
24 
146,900 
100 
22 
TOTAL Hectares 
Percent 
432,000 
66 
144,100 
22 
74,300 
12 
650,400 
100 
100 
Chilalo 
Table 4.2. Estimated total crop production in Chilalo Awraja in 1971 {metric 
tons) [4, p. 14] 
Area production (metric tons) TOTAL Production Crops Asela Bekoji Kofele Dera Hectares Metric Tons 
Wheat 37,920 11,340 2,600 2,520 51,000 54,380 
Barley 25,050 60,200 13,720 9,800 79,300 108,770 
Flax 2,340 4,440 4,120 - 25,300 10,900 
Maize 6,400 720 170 22,400 17,700 29,690 
Peas 2,340 3,000 400 210 6,400 5,950 
Teff 1,710 320 - 3,710 7,600 5,740 
Beans 5,440 4,800 750 1,320 7,800 12,310 
Rape seed 650 240 - - 700 890 
TOTAL 195,800 
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once more to cover the seed. • The local plow point breaks 
the soil but does not turn it, which results in rough soil 
structure after cultivation. Plowing consumes time, as 
the oxen move slowly. It has been suggested that simple 
substitution of mules for oxen could increase efficiency 
by decreasing plowing time, however, this has not been 
adopted due to cultural impediments and absence of initia­
tive [50]. Substitution of other animals such as mules, 
donkey, or horses for oxen may also require some modifi­
cations in the plow and implements and also put greater 
pressure on the farmer operator following the animals during 
the cultivation process. 
Animal manure is not used very much as fertilizer be­
cause farmers use manure for fuel. Soil burning is 
practiced in some areas of Chilalo. This process has the 
effect of raising the phosphorus content of the soil even 
though organic matter and nitrogen are destroyed by such 
practice. Farmers also practice fallowing and crop 
rotations. Legumes such as field pea, horsebean, and lentils 
are rotated for cereal crops. But, no data are available 
on crop rotational patterns. Weeding is operated by hand, 
harvesting also is hand operated using curved sickles and 
is a rather tedious job. Threshing is done by driving 
animals over harvested crops on a flat piece of ground. 
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Animals are continuously driven over the grain for many 
hours as farmers arrange the grain with a wooden fork. 
Winnowing is operated by throwing grain into the wind, 
which sorts out the grain from the chaff, with some 
grain wasted in the process [43, 50, 60]. Storage 
facilities are very poor. It is estimated that about 4 
million quintals of grain per year is lost to rodents and 
insects by farmers in the whole country [50]. Double 
cropping is not a widespread practice by farmers in Chilalo. 
There is only one cropping season with different farming 
operations distributed over the calendar year as shown in 
Table 4.3 [27, p. 39]. 
Plowing is a long process lasting from March to June. 
For most crops, planting takes place in July and August, 
weeding during September and October. Crops are harvested 
and threshed in November-December, and January-February 
periods, respectively. Slight variations in seasonal 
operations are possible depending on the area and the 
specific crop. 
Actual resource use and crop production patterns for 
average farms in each of the four areas of Chilalo are 
shown below. Table 4.4 shows actual or positive crop 
enterprise combinations and resource use per average farm 
[4, pp. 80-84]. These figures are compared to the optimal 
farm plans given in the Appendix tables for analysis 
Table 4.3. Climatic data and distribution of crop operations by 
calendar months in Chilalo 
Item Feb. Mar. Apr. May June July 
Seasons Small rains 
Rainfall 0.5 85.3 45.5 87.5 69.7 172.9 
(1967)(mm) 
Mean temp. 
(1967) 
Maximum (°C) 
Minimum (°C) 
24.1 
8.6 
24.3 
10.2 
23.3 
11.4 
22.7 
11.0 
22.4 
10.4 
19.4 
11.1 
Crop operations 
Wheat plow (3 times) -plant-
Barley plow (3 times) -plant-
Maize plow (2-3 times)— -plant— 
Teff plow (4 times) -plant) 
Flax (linseed) plow (1 time) -plant— 
Peas plow (1 time) -plant— 
Beans plow (3 times) -plant-
Fallow times) 
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Aug. Sept. Oct. Nov. Dec. Jan. 
—Wet 
149.8 140.3 66.8 65.3 - 1.3 
18.6 
10.5 
19.1 
10.0 
20.5 
10.5 
19.5 
5.5 
19.6 
6.5 
21.4 
6.4 
•weed —hairvest— 
•weed harvest-
•weed -harvest-
•weed -harvest-
•weed harvest-
•weed -harvest-
-weed -harvest-
break soil, plow, soil bum, plow (many 
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Table 4.4. Actual cropping pattern, resource use, and net 
return to average farms in four areas of 
Chilalo Awraja [4, pp. 80-84] 
Crops Asela Bekoji Kofele Dera 
Wheat 2.30 0.70 0.20 0.30 
Barley 1.20 2.40 0.70 0.70 
Tef f 0.20 0 0 0.40 
Flax 0.30 0.60 0.70 0 
Horse bean 0.20 0.20 0.05 -
Field pea 0.20 0.20 0.05 -
Rape seed - - - -
Maize 0 . 2 0  0 0 1.00 
SUMMARY 
Total land cultivated 
per farm (hectares) 4.60 4.10 1.70 2.40 
Capital expense 
per farm (Birr) 422 340 102 149 
Annual labor used 
hours/farm 2085 1775 627 1021 
TOTAL farm 
return (Birr) 666 410 162 310 
Net return per hectare 
(Birr) 144.80 100.00 95.30 129.16 
Net return per unit of 
capital (Birr) 1.58 1.20 1.59 2.08 
Net return per hour (Birr) 0.32 0. 23 0.26 0. 30 
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in Chapter VI. 
Improved Production Technology and the Arssi Rural 
Development Unit (ARDU) 
The traditional farming methods described earlier are 
not capable of increasing productivity much beyond farmers 
subsistence level. For farmers to break out of the low 
productivity trap,a new and improved technology embodied 
in new inputs must be introduced. Such technology should 
be one that is consistent with the country's resource 
base, farmers knowledge level, and the country's growth 
stage. This would require the introduction of a relatively 
labor using and capital saving technique. Such an inter­
mediate technology which has already been adopted by some 
farmers in Chilalo province includes a new mould board 
plow, which considerably reduces the number of required 
plowings and a new harrow to complete soil preparation. 
This results in a finer soil structure for planting crops. 
In the new technology package are also included the use of 
improved seed and fertilizer. Oxen are still used for 
traction and harvesting, threshing, and winnowing are assumed 
to be operated using traditional methods [4]. 
The new technology defined above was introduced into 
the area by one of the package projects now known as the 
Arssi Development Unit (ARDU), formerly called the Chilalo 
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Agricultural Development Unit (CADU). ARDU, which was 
initiated in 1967 by partial assistance from the Swedish 
International Development Agency (SIDA) mainly concen­
trates on agricultural extension, input distribution, and 
marketing of farm products in Chilalo. 
The goals of ARDU are somewhat broad and include 
[12]: 1) the achievement of economic and social develop­
ment throughout the project area directed mainly towards 
low income or small farmers; 2) the continued search for 
suitable methods and technologies to bring about agri­
cultural development and increased productivity when applied 
in an integrated manner and 3) the creation of possibilities 
for the application elsewhere in Ethiopia of the experience 
gained by ARDU. In the process of pursuing the above 
goals, ARDU adopted the following strategies to help reach 
the target population [12]. a) Providing new products, 
methods, and inputs for agricultural development through 
demonstration and advice using model farmers who play the 
role of a link between the projects activities and the rural 
communities; b) creation of basis for the establishment of 
cooperative societies, particularly for marketing of farm 
products, and provision of agricultural inputs and credit, 
and c) collection and acquisition of improved knowledge of 
agricultural conditions through an annual analysis of 
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demonstration results. 
ARDU's achievements and activities are multifaceted. 
In the marketing area, the project introduced trading 
centers that buy wheat and milk from area farmers, partially 
substituting the traditional marketing system controlled 
by petty traders, local grain merchants, and middlemen. 
ARDU also extended credit farmers at 12% interest rate. 
In providing new implements and tools, ARDU's main focus 
has been on the improved plow and harrow for adequate soil 
preparation, better grain storage facilities, harvesting arid 
threshing equipments, and improved transportation methods by 
introducing wheel barrows, and oxen drawn carts used for 
marketing grain. Other technological improvements intro­
duced by ARDU include new crop varieties, improved seed, 
and fertilizer. In livestock production area, the focus 
was on upgrading local breeds of dairy cattle by cross 
breeding local heifers with improved breeds and providing 
veterinary services to farmers. This has increased 
average milk yield per lactation from 300 liters for local 
breeds to 1000 liters for cross breeds [64]. 
However, not all the technologies described above have 
been adopted by farmers. Only the improved plow and 
harrow, improved seed, and fertilizer are of widespread 
use. The other improvements either need more modification 
or are uneconomic for widespread use by farmers. Furthermore, 
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although the new and improved technologies had output in­
creasing effect their relative benefits was different for 
different classes of farmers in Chilalo. Prior to the 
revolutionary land reform decree, large land owners and 
commercial farmers captured greater benefits from the 
new technology than the large number of small tenant farmers 
and therefore resulting in adverse effect on income 
distribution. The relative return from yield increases of 
wheat for tenants paying 1/3 and 1/2 of their gross output 
to the landlord are shown in Table 4.5 [64, p. 21]. 
Table 4.5. A comparison of benefits per hectare to tenants 
and landlords by using improved wheat seed and 
chemical fertilizer 
Tenant paying Tenant paying 
one-third of his gross one-half of his gross 
Wheat output and bearing output and bearing 
yield all costs all costs 
increases Net return 
to tenant 
(Birr) 
Net return 
to landlord 
(Birr) 
Net return 
to tenant 
(Birr) 
Net return 
to landlord 
(Birr) 
20 -50. ,00 13. 33 -70. 00 20. ,00 
40 -36. ,67 26, .67 -50. 00 40. 00 
60 -10. ,00 40. 00 -30. ,00 6 0. 00 
80 16. 67 53. 33 -10. 00 80. 00 
100 43, .33 66 .67 10, .00 100, .00 
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In Table 4.5, the average yield for unfertilized local 
wheat is assumed to be 10 quintals per hectare and the 
farmgate price is assumed to be 20 Birr per quintall [64] . 
The table shows that for tenant farmers paying 1/3 
of their gross output and bearing all costs wheat yield 
must increase by 80%, and for these paying 1/2 of their 
gross output and bearing all costs a 100% increase in wheat 
yield is required before a positive net return is possible. 
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CHAPTER V. METHODS AND MODELS USED AND 
SITUATIONS ANALYZED 
Situations Considered and 
Data Used 
Several combinations of resource supply and technology 
situations are analyzed in this study. These include three 
labor supply alternatives, four capital levels, two crop 
production technologies, and two farm objective functions. 
If all the possible combinations are considered, there will 
be a total of 192 model situations to be analyzed and com­
pared for all the four average area farms i.e., 48 situa­
tions for each farm. However, to make the analysis manage­
able only a total of 42 model situations or 13 situations for 
each area average farms are considered. 
Household farm objective functions 
The two objective functions considered on each area 
farm are: first, where the farmer is assumed to maximize 
net income after household minimum consumption require­
ment is fulfilled. Since insurance of some minimum diet 
level is an important objective for peasant farmers, a 
minimum constraint is put on each food crop produced so 
that the farmer may sell crops only after fulfilling the 
minimum constraint. Second, where the farmer is assumed 
to base crop production decision strictly on net income 
maximization. The later objective may depict the production 
83 
behavior of a farmer with high capital levels and who also 
has access to new technology. 
Table 5.1 shows estimates of minimum consumption 
levels required for an average household farm of six persons 
in Chilalo province. These estimates of household con­
sumption levels used in programming models are based on 
figures from the research publications of Central Statisti­
cal Office, Institute of Agricultural Research, and the 
Arssi Development Unit (the former CADU) [4, p. 55, 9, p. 77] 
Table 5.1. Annual consumption of food crops per household 
in quintals 
r-r-n-n Region Chilalo province 
iooa crop shôâ Arssi levels used in models 
Teff 1.80 - 2.0 
Wheat 1.98 2.41 2.5 
Barley 1.80 58.8 6.0 
Maize .66 - 1.5 
Horse beans .84 .60 2.0 
Field peas .66 .30 1.5 
The figures for Shoa region are based on estimates of 
the Institute of Agricultural Research findings on Holetta 
area. The relatively high consumption of barley includes 
its use in tella - a popular local beer. 
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Labor supply situations 
Three alternative labor supply situations including 
household labor, household and cooperative (community) 
labor, and household and hired labor are assumed to be 
available. Farm household labor consists of labor of 
members of the family including the operator or the house­
hold head. Estimates of household labor supply is made for 
each operational period. A total of 2440 hours assumed 
available for crop production on the average for a house­
hold of six persons is divided into five operational 
periods as follows: 
Hours of labor 
available per 
Operational period household per annum 
March to June (plowing) 580 
July and August (planting) 340 
September and October (weeding) 540 
November and December (harvesting) 440 
January and February (threshing) 540 
TOTAL Household labor available per year 2440 
In the second labor supply situation,the availability 
of cooperative or community labor.in addition to household 
labor listed above is assumed to be forthcoming. 
Farmers in Chilalo traditionally engage in voluntary 
mutual aid activities in agricultural production. Farmers 
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often form a common pool of labor during certain critical 
crop production periods such as weeding and harvesting. 
It is therefore assumed such cooperative labor is avail­
able to each area average farm freely during September-
October weeding season and November-December harvesting 
period in addition to the farm household labor. In the 
third labor situation, hired labor is assumed to be avail­
able during the critical production periods of harvesting 
and weeding, since labor hiring is a common practice by 
farmers in Chilalo during these periods. 
Operating capital supply levels 
Operating capital is a scarce resource to Chilalo 
farmers. Traditional production techniques do not allow 
farmers to use much capital efficiently. But, as new 
technology is introduced, farmers develop the capacity to 
use more capital efficiently and increase farm output sig­
nificantly. 
The maximum level of capital the average farm can 
optimally use is estimated by using "capital accounting 
row" by the linear programming method. It is found that 
when traditional technology alone is used in crop produc-
tion> a maximum capital level of 300 Birr becomes unlimited 
i.e., capital supply at this level and above has zero shadow 
prices, but when the new technology is introduced and allowed 
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to compete with indigenous production methods the maximum 
amount of operating capital that can be used increases to 
500 Birr. Programming solutions are obtained for three 
levels of capital which are = 75 B, Kg - 150 B, = 
300 B under traditional technology and four levels of 
capital, = 75 B, Kg = 150 B, K^ = 300 B, and K^ = 
500 B when the new crop production technology is intro­
duced. 
Crop production technologies considered 
The two crop production technologies considered in 
the analyses are: first, the traditional production methods 
used by most farmers in Chilalo Awraja before Arssi De­
velopment Unit (ARDU) or the former Chilalo Agricultural 
Development Unit (CADU). This technology as discussed in 
more detail in Chapter IV involves the use of local ox 
drawn plow for seed bed preparation and the use of no 
fertilizer or improved seed. Second, the alternative 
technology considered is when the new technology introduced 
by ARDU is combined with indigenous crop production methods. 
The new and improved technology includes the improved plow 
and harrow, improved seed, and fertilizer. These are the 
most widely adopted of the technologies developed by ARDU. 
Other innovations such as improved threshing equipment, new 
harvesting scythe, and improved oxen have not been adopted by 
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farmers in the area and therefore no data is available. 
The model situations considered 
The thirteen model situations which are combinations 
of alternative technology capital level, labor, and farm 
household objectives are listed below. For the four area 
average farms, these make up a total of 42 model situations. 
Table 5.2. The alternative resource, technology, and ob­
jective function model situations considered 
on each area farm 
Model Capital Labor Objective 
situation level available function^ 
1 Traditional K,=75 B Household labor only I 
2 Traditional K2=150 B II I 
3 Traditional K2=300 B II I 
4 Traditional & 
improved K^=75 B II I 
5 II K2=150 B II I 
6 II K2=300 B II I 
7 II K^=500 B II I 
8 J. Am CtVXU- K2=300 B Household & coop. I 
9 K2=300 B Household only 
10 Traditional & 
improved K^=500 B Household & coop. I 
11 II K^=500 B Household only II 
12 II K^=500 B Household & hired I 
13 It K^=500 B II II 
Objective function I - refers to household farms dual 
consumption of minimum consumption insurance and net income 
maximization while II refers to the objective of sole net 
income maximization. 
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Prices and yields 
Crop prices used in the linear programming models are 
parameters based on a 10 year average wholesale prices 
in Addis Ababa and ARDU price estimates for 1971-72 crop 
year. These prices expressed in the unit of Ethiopian 
currency, the Birr, per quintal (100 Kg) are as follows: 
Table 5.3. Estimates of crop prices in nominal terms (Birr/ 
quintal) [4, pp. 61-76, 43, p. 139] 
Average wholesale ARDU Price 
Crops prices in prices used in 
Addis Ababa (1971-72) models 
Wheat 20. 60 22. 60 21. ,60 
Barley 14. ,40 14. ,25 14, ,33 
Teff 24, ,40 34. ,00 29. ,20 
Maize 13. 30 16. 00 14. 65 
Field rice 16. 30 18. 00 17. 15 
Horse bean 13. 50 13. 00 13, .25 
Flax 22. SO 23. 00 22, .90 
Rape seed 20. 00 21, .50 20, .75 
Average yields in quintals per hectare under both the 
traditional and new crop production technologies are based 
on ARDU's estimates and are shown on Table 5.4 [4, pp. 7-
15] . 
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Table 5.4. Average yields for crops in the four areas of 
Chilalo under traditional and new crop produc­
tion techniques 
Crops Asela Bekoji Kofele Dera Trad. New Trad. New Trad. New Trad. New 
Wheat 12 20 9 17 10 19 6 11 
Barley 15 24 14 25 14 24 10 14 
Teff 9 14 8 13 - 13 7 12 
Flax 6 9 4 8 4 8 - -
Horse bean 17 21 16 20 15 19 - -
Field pea 9 15 10 17 8 16 - -
Rape seed 13 18 12 17 - 17 - -
Maize 20 40 _ _ _ _ 16 35 
Methods Used 
The empirical methods used in this study are combina­
tions of linear and parametric programming. The theory and 
applications of linear programming and its extensions or 
variations are well-documented elsewhere [3, 8, 36], it is 
therefore unnecessary to discuss the details here. But, a 
brief presentation of the methods in relation to the models 
used in the study is appropriate. 
The basic linear programming model for a maximization 
problem is; 
Maximize Z = C'X 
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Subject to AX = B, X ^  0 
where 
A is mxn matrix of input-output coefficients 
C is an nxl vector of prices or other weights of the 
objective function 
B is an mxl vector of resource supply or other 
constraints 
X is an nxl vector of activities (crop production 
and others) 
Z is the objective function of the household farm 
In a more compact algebraic form, the above can be presented 
as: 
n 
Maximize Z = Z C.X. j=l ] ] 
n 
subject to Z a..X. < b., X. > 0 1] ] - 1 : -
where 
i = 1,2,3,.. .m 
n X r 2 r <3 r # # # n 
The basic linear programming model is subject to 
restrictive assumptions of additivity of resources and 
activities, linearity of the objective function; non-
negativity of the decision variables, divisibility and 
finiteness of activities and resources, proportionality 
of activity levels to resources, end certainty in the 
parameters of the model used. Some of these restrictive 
assumptions can be relaxed for more realistic applications 
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[8]. Linear programming itself is a mathematical method 
that is void of any economic content, but its usefulness 
to the economist is in capturing the basic economic prob­
lem of maximizing an objective function subject to scarce 
resources. 
An additional method used for analysis in this thesis 
is a variation of linear programming known as parametric 
programming. Parametric programming is a method used to 
determine the effects of changes in technical coefficients, 
prices, or resource supply constraints on the optimal solu­
tion of the basic L*P problem outlined earlier. The method 
is used here to solve for the effects of different capital 
levels and labor situations on optimal farm plans. 
Parametric programming model follows directly from the basic 
linear programming model [3]. If one considers the case of 
changes in resource restraints (variable resource pro­
gramming) and let vector B be changed to 5*then 
B = (b^,b2,...b^...b^^ 
and 
B* = (b^,b2 bt b^) 
such that 
bf = b^ + 9, and 9 < 0 or 0 > 0 
The new parametric programming problem can be written as : 
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Maximize Z = C'X 
subject to 
AX < B*, X ^ 0 
where 
A, X, C, Z are the same as defined before 
and 
B* is mxl vector of new resource supply restraint 
Structure of the Programming 
Models 
Introduction 
The main activities or variables of the models are 
crop production and selling activities. Capital accounting 
activity is used to determine the maximum amount of operating 
capital farmers can optimally use under the traditional 
technology and combinations of traditional and new production 
methods, in order to allow for the use of parametrics on 
different levels of capital. 
In general, there are two types of models, A and B for 
each area farm. For each average farm case. Model A 
depicts a farm production situation where traditional methods 
are exclusively used and Model B shows when the new tech­
nology is introduced and allowed to compete with indigenous 
techniques of crop production. The models are structurally 
similar but differ in activities, coefficients and crops 
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included. 
The restraints of the models include one land restraint 
that allows a maximum of 7.5 hectares for each area farm. 
This figure is based on the land nationalization decree of 
March 1975 that grants the peasant farmer a maximum of 10 
hectares per household, and allowing 2.5 hectares to be 
used for pasture and homestead. Labor availability is 
classified into five farm operational periods. The ob­
jective functions as discussed earlier include a single net 
income maximization and the dual objective of household 
consumption insurance and net income maximization. In 
using the later objective function, minimum restraints are 
put on production of food crops, namely, wheat, barley, teff, 
maize, field peas, and horse bean. No minimum consumption 
restraints are put on rape seed and flax since farmers 
produce these crops strictly for sale. 
The resource restraints and activities that form the 
structure of each of the four average farms are listed as 
follows: 
Resource restraints 
The resource restraints are basically assumed to be 
the same for each of four area farms because; 1) farm size 
is institutionally limited to a maximum of 10 hectares after 
March 1975 land reform decree and 2) since these farms are 
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not actual but average farms and the magnitude of house­
hold estimates of labor available based on family of six 
persons is assumed to be equivalent for all farms. The 
two types of resource restraints corresponding to Model A 
where traditional technology is used and Model B where 
traditional and improved technologies are used in combina­
tion are listed below:^ 
Resource restraints on Model A 
Resource 
i) Land in crops 
ii) Three levels of operating capital 
a) Low level (K^) 
b) Medium level 
c) High level (K^) 
iii) Household labor is classified into 
following operational periods 
a) March to June household labor (plowing) hours 
b) July to August household labor (planting) " 
c) September-October household labor (weeding) " 
d) November-December household labor (harvesting)" 
e) January-February household labor (threshing & 
winnowing) " 
iv) Cooperative labor (assumed to be available in 
critical periods) 
a) November-December cooperative labor 
(harvesting) " 
^In Model B hired labor is assumed to be available 
during critical periods. 
Units 
Hectare 
Birr 
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Resource Units 
iv) b) September-October cooperative labor (weeding) 
v) Minimum restraint on household consumption of 
food crops 
a) Wheat consumption 
b) Barley consumption 
c) Field pea consumption 
d) Horse bean consumption 
e) Teff consumption 
hours 
quintals 
Restraints on Model B 
Resource Units 
hectares 
Birr 
i) Land in crops 
ii) Four levels of operating capital supply 
a) Level 1 (K^) 
b) Level 2 (K^) 
c) Level 3 (K^) 
d) Level 4 (K^) 
iii) Household labor is classified into following operational 
periods 
a) March to June household labor (plowing) 
b) July-August household labor (planting) 
c) September-October household labor (weeding) 
d) November-December household labor (harvesting) 
e) January-February household labor (threshing & 
winnowing) 
Hours 
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Resource Units 
iv) Hired labor (assumed to be available during 
critical periods) 
a) September-October hired labor (weeding) hours 
b) November-December hired labor (harvesting) " 
v) Cooperative labor (assumed to be available for 
critical operations) 
a) September-October cooperative labor (weeding) " 
b) November-December cooperative labor (harvesting) " 
vi) Minimum restraint on food crop consumption 
a) Barley consumption quintals 
b) Teff consumption " 
c) Field pea consumption " 
d) Horse bean consumption " 
e) Wheat consumption " 
Activities 
The activities or variables of the programming models 
are structurally similar. However, they differ in crops 
included in each of the average area farms and per unit 
requirements of the above listed resource supplies (i.e., 
input-output coefficients). The activities for two types 
of models à and B are listed for four average farms as 
follows : 
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a) Asela area farm 
i) Model A 
Wheat production technology I 
Barley production technology I 
Teff production technology I 
Maize production technology I 
Field pea production technology I 
Horse bean production technology I 
Flax production technology I 
Rape seed production technology I 
Wheat selling 
Barley selling 
Teff selling 
Maize selling 
Field pea selling 
Horse bean selling 
Flax selling 
Rape seed selling 
ii) Model B 
Wheat production technology I 
Wheat production technology II 
Barley production technology I 
Barley production technology II 
Teff production technology I 
Teff production technology II 
Unit 
1 hectare 
1 quintal 
Unit 
1 hectare 
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Asela area farm (Model B) Unit 
Maize production technology I 
Field pea production technology I 
Horse bean production technology I 
Flax production technology I 
Rape seed production technology I 
Maize production technology II 
Field pea production technology II 
Horse bean production technology II 
Flax production technology II 
Rape seed production technology II 
Wheat selling 
Barley selling 
Teff selling 
Maize selling 
Field pea selling 
Horse bean selling 
Flax selling 
Rape seed selling 
b) Bekoji area farm 
i) Model A 
Wheat production technology I 
Barley production technology I 
Teff production technology I 
Field pea production technology I 
1 hectare 
1 quintal 
Unit 
1 hectare 
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Bekoji area farm (Model A) 
Horse bean production technology I 
Flax production technology I 
Rape seed production technology I 
Wheat selling 
Barley selling 
Teff selling 
Field pea selling 
Horse bean selling 
Flax selling 
Rape seed selling 
Capital accounting 
ii) Model B 
Wheat production technology I 
Barley production technology II 
Teff production technology I 
Teff production technology II 
Field pea production technology I 
Field pea production technology II 
Horse bean production technology I 
Horse bean production technology II 
Flax production technology I 
Flax production technology II 
Rape seed production technology I 
Rape seed production technology II 
Unit 
1 quintal 
1 Birr 
Unit 
1 hectare 
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Bekoji area farm (Model B) Unit 
Wheat selling 1 quintal 
Barley selling " 
Teff selling " 
Field pea selling " 
Horse bean selling " 
Flax selling " 
Rape seed selling " 
Capital accounting 1 Birr 
c) Kofele area farm 
a) Model A (activities) Unit 
Wheat production technology I 1 hectare 
Barley production technology I " 
Field pea production technology I " 
Horse bean production technology I " 
Flax production technology I " 
Wheat selling 1 quintal 
Barley selling " 
Field pea selling " 
Horse bean selling " 
Flax selling " 
b) Model B Unit 
Wheat production technology I, 1 hectare 
Wheat production technology II " 
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Kofele area farm (Model B) Unit 
Barley production technology I 1 hectare 
Barley production technology II " 
Field pea production technology I " 
Field pea production technology II " 
Horse bean production technology I " 
Horse bean production technology II " 
Flax production technology I " 
Wheat selling 1 quintal 
Barley selling " 
Field pea selling " 
Horse bean selling " 
Flax selling " 
Capital accounting Birr 
d) Dera area farm 
i) Model A Unit 
Wheat production technology I 1 hectare 
Barley production technology I " 
Teff production technology I " 
Maize production technology I " 
Wheat selling 1 quintal 
Barley selling " 
Teff selling " 
Maize selling " 
Capital accounting activity 1 Birr 
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ii) Model B Unit 
Wheat production technology I 1 hectare 
Wheat production technology II " 
Barley production technology I " 
Barley production technology II " 
Teff production technology I " 
Teff production technology II " 
Maize production technology I " 
Maize production technology II " 
Wheat selling 1 quintal 
Barley selling " 
Teff selling " 
Maize selling " 
Capital accounting activity Birr 
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CHAPTER VI. PRESENTATION AND ANALYSIS OF RESULTS 
Introduction 
The discussions and presentations in this chapter are 
based on the thirteen different resource and technology 
situations under the two objective functions of the farm 
households for the four area average farms. The results 
of these 13 farm model situations which make up a total of 
42 different optimal farm plans for the four farms are sum­
marized in Appendix Tables A1 to A13. 
The farm objective functions as defined earlier are; 
1) when the farmer is assumed to maximize net return after 
fulfilling some minimum household consumption and 2) when 
the farmer is assumed to only maximize net return. The 
first objective is consistent with the behavior of the 
peasant farmer whose goal is not only to maximize net 
returns or profit but also to insure some minimum house­
hold consumption level. The second objective function may 
depict the goal of a more commercially minded farmer who 
has access to adequate level of capital. The resource 
situations considered include three labor situations in­
cluding household, cooperative, hired labor, and different 
levels of capital availability under traditional and im­
proved technologies. 
The discussion and analysis of this chapter is based 
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on selected comparison of summary results from the farm 
plans given in the Appendix tables. The focus of the pre­
sentation is on the effect of capital, improved technology, 
and cooperative or hired labor availability on optimal farm 
income, resource use and productivity of factors. The optimal 
cropping patterns are also presented for the thirteen re­
source situations for the four area farms (i.e., 42 dif­
ferent farm plans) in the Appendix tables. However, the 
discussions in this chapter will put less emphasis on the 
later results and concentrate on changes in optimal resource 
uses on farms, since the decision of the best or optimal 
resource use and that of optimal product combinationare 
not independent (i.e., it follows from the neoclassical 
theory of the firm outlined in Chapter II that once the farm 
household determines the optimal use of resources, the 
question of optimal crop production pattern is also 
answered given the production functions for each farm and 
crop) . 
Comparison of Actual and Optimal Farm Plans 
Under Traditional Technology and High 
Capital Level (K^) 
The programming results presented in the Appendix 
tables show normative farm plans and therefore may deviate 
from actual practices by farmers in Chilalo. The following 
table shows the actual cropping patterns for the four area 
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farms under traditional technology for 1972-73 season in 
relation to the optimal farm plans under farmers first 
objective function and high capital level (K^) (situation 
model 3). 
Table 6.1. Comparison of actual and optimal crop production 
patterns in hectares and net income (Birr) under 
traditional technology and high capital (K3) level 
for the four average area farms in Chilalo 
P _ Asela • Bekoji Kofele Dera 
^ Act. Opt. Act. Opt. Act. Opt. Act. Opt. 
Wheat 2.3 .21 0.7 .28 0.2 3.0 0.3 .42 
Barley 1.2 .40 2.4 .43 0.7 .43 0.7 .60 
Teff 0.2 2.72 - .25 - - 0.4 2.14 
Maize 0.2 .68 - - - - 1.0 .31 
Field pea 0.2 .17 0.2 .15 .05 .19 - -
Horse bean 0.2 .12 0.2 .13 .05 1.11 - -
Flax 0.3 - 0.3 3.24 0.7 - - -
Rape seed - .31 - - - - - -
TOTAL land 
cultivated 
(hectares) 4.50 4.61 4.10 4.48 1.70 4.73 2.40 3.47 
Net income 
(Birr) 666 835 410 980 162 649 310 551 
Table 6.1 shows some differences in crop production 
patterns between actual and optimal plans. The general 
distribution of crops is not too disimilar. Actual production 
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of wheat and barley is widespread traditionally in Chilalo 
as Shown on the table. Wheat production, especially, had 
been increasing rapidly due to mechanization on large com­
mercial farms just prior to the 1974 revolution. Teff is 
produced significantly more under optimal plans than actual 
plans due to its relatively high price. Teff, in addition 
to its potential commercial viability, is also an important 
food crop and has a strong demand especially by the urban 
consumers. Teff is therefore potentially profitable for 
Chilalo farmers provided proper marketing channels are 
available. 
Optimal land cultivated is very close to actual 
quantity for Asela and Bekoji area farms, but much greater 
than actual size for Kofele and Dera farms under traditional 
technology and high ci-pital level (K^) as shown on the table. 
Under existing techniques Kofele and Dera farms can increase 
cultivation from 1.70 to 4.73 hectares, and 2.40 hectares 
to 3.47 hectares, respectively. The average actual land 
cultivated for the four farms is 3.20 hectares compared to 
the average optimal amount of land cultivated of 4.45 
hectares under this situation. Net farm income increases 
substantially under the optimal plans compared to actual 
plans as illustrated on the table. Net income increases 
under traditional technology and unlimited capital level are 
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25.4% on Asela area farm; 139% on Bekoji; 300.6% on Kofele; 
and 77.7% on Dera Farm. These figures show that signifi­
cant gain can occur as a result of optimal reallocation of 
resources even under indigenous production techniques 
provided adequate capital level is available. 
Improvements in average productivity of land, labor 
and capital measured in terms of net income (Birr) per unit of 
an input are illustrated in Table 6.2 by comparing optimal farm 
plans under traditional technology, high capital level (K^) 
(i.e., model situation 3) to actual plans for the four farms. 
The increase in net return per unit of household labor, 
land and capital illustrated in the table is consistent with 
the hypothesis of this thesis which implies that farm resource 
productivity and efficiency will increase if farmers re­
organize their resource use in an optimal way even under 
traditional production techniques. 
The Effect of Introducing Improved Technology 
on Farm Income, Resource Productivity 
and Efficiency under Unlimited 
Capital Level (K^) 
The last section showed the increase in farm income 
and average productivity of resources realized from optimal 
reorganization of resources in relation to actual practices 
under traditional technology and high capital level. In 
this section the effect of the new technology as defined 
earlier on farm income, resource use efficiency and 
Table 6.2. Comparison of average productivities of resources (in Birr percent 
of a resource) under actual and optimal farm plan in traditional 
technology (resource situation 3) 
Area farms 
Asela Bekoji Kofele Dera 
Net income Actual Optimal Actual Optimal Actual Optimal Actual Optimal 
Net return per 
ha (Birr) 144.80 181.13 100.00 218.80 95.30 137.21 129.16 158.80 
Net return per 
hour (Birr) 0.32 0.46 0.23 0.62 0.26 0.53 0.30 0.34 
Net return per 
Birr 1.58 3.24 1.20 5.30 1.59 3.05 2.08 3.68 
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productivity will be examined for optimal farm plans. This 
is done by comparing Tables A3 and A7 summarized in the 
Appendix. 
Table 6.3 shows effect on quantity of land cultivated, 
farm income and average productivity of resources of intro­
ducing improved technology under these situations. 
The effect of introducing improved production technology 
under unlimited capital level is to consistently increase 
net income but decrease the quantity of land cultivated 
on the four average farms. The magnitude of income increase 
is 33.2% on Asela, 13.6% on Bekoji, 71.4% on Kofele, and 
58.8% on Dera farms. The decrease in the quantity of land 
cultivated is 19.5% on Asela, 12.7% on Bekoji, 17.3% on 
Kofele; and 23% on Dera farm. Returns per unit of land 
and household labor show consistent increases on all farms 
as illustrated on the table. Improved technology also in­
creases the marginal value product of September-October for 
weeding and January-February labor for threshing. 
The increase in net farm income, net return per hectare, 
and"net return per hour of household labor is consistent 
with neoclassical theory of the firm. Here, one would 
expect a rise in average productivity of factors as new 
technology results in a favorable change (shift) in total 
productivity curves (production function:) . Marginal pro­
ductivity of labor will also rise as technology improves and 
Table 6.3. The effect of improved technology on farm income and net returns (Birr) 
per unit of land, labor and capital under unlimited capital level(K^) 
(comparison of Tables A3 and A7) 
A«ela Bekoji Kofele Dera 
Trad. 
& 
Tech. 
Trad. 
& 
Imp.T. 
Trad. 
& 
Tech. 
Trad. 
& 
Imp.T. 
Trad. 
& 
Tech. 
Trad. 
& 
Imp.T. 
Trad. 
& 
Tech. 
Trad. 
& 
Imp.T. 
Land cultivated (hectares) 4.6 3.7 4.5 3.9 4.7 3.9 4.5 3.4 
Net income (Birr) 835 1112 980 1113 649 1112 551 876 
Net return per hectare 
(Birr) 181 300 219 285 137 285 123 254 
Net return per hour 
(Birr) 0.46 0.63 0.62 0.62 0.35 0.63 0.34 0.53 
MVP of Sept.-Oct. labor 
(Birr) (shadow price)^ 0.13 1.35 0 1.24 0 1.24 1.08 1.66 
MVP of Jan.-Feb. labor 
(Birr) (shadow price)^ 0.31 1.38 0 1.39 0.55 1.39 0 0.45 
In this chapter the concepts of shadow prices and marginal value productivity 
of capital are used interchangeably. This is done in order to make the concept of 
marginal value productivity of capital operational in relation to the linear pro­
gramming results. However, theoretically MVP^ is the derivative of total produc­
tivity of capital multiplied by the price of output, and the shadow price of 
capital shows the amount farm net income or profit changes if operator capital 
changes by one unit (Birr). Algebraically, this relationship is as follows: 
TT = PQQ(K)-C(Q(K) ) , Ël = P dQ dK QdK 
MIT K 
dfl ax' m = VPg - where Q(K) = total^produotivity 
MVP^ - MC^ 
îT = profit function 
C(Q) = total cost function 
(shadow price or marginal (marginal value (marginal 
profitability of capital) product of capital) cost of capital) 
Ill 
therefore accounts for the increase in the marginal value 
productivities of September-October labor and January-
February labor as illustrated on the table. Furthermore, 
complementarity exists between farm labor during the criti­
cal periods so that when the improved technology increases 
productivity of labor for seed bed preparation, the marginal 
value productivities of labor for weeding and threshing also 
rises. The consistent decrease in amount of land cultivated 
as a result of introducing improved technology may be 
explained by the nature of the technology introduced. The 
production technology introduced is land saving i.e., in­
creases yield per hectare and labor intensive; therefore, im­
provements that take place increase per unit return to land 
and labor and require less quantity of land to be culti­
vated. On the other hand, a mechanical technology would 
have been more land using and labor substituting resulting 
in optimally larger amount of land cultivated and therefore 
less appropriate for labor abundant situations on house­
hold farms in Ethiopia. 
So, in general introducing improved technology at un­
limited capital level increases farm income, per unit net 
returns to land and labor. It also increases (shifts to 
the right) the marginal value productivities of September. 
October labor and January-February household labor but slightly 
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decreases the quantity of land in crops for all four area 
farms. This type of technology, which is based on improved 
traditional implements and practices and more biologically 
oriented, is more appropriate on Ethiopian household farms. 
Advanced mechanical technology in the past has had adverse 
effects on welfare of peasant farmers and rural income 
distribution [38,40]. 
The Effects of Changes in Supply of Capital 
on Resource Use, Efficiency and Productivity 
Capital limitation is one of the factors leading to low 
income and resource productivity on peasant farms. The 
level and efficient use of capital in turn depends on the 
state of technology. This section will examine the effect of 
different levels of capital supply availability on resource 
allocation under traditional technology and combination of 
traditional and improved crop production techniques. 
Traditional technology 
Programming solutions for three levels of capital 
(K^ = 75 B, = 150 B, = 300 B) for each of the four 
average area farms are obtained under indigenous technology. 
These optimal plans, based on farm households dual objectives 
of net return maximization and household consumption in­
surance (objective function I) are presented on Appendix 
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Tables Al to A3. 
The optimal crop combinations at each level of capital 
for four farms are also illustrated on these Appendix tables, 
but is not the main focus of discussion here. The optimal 
pattern of crop production for the four farms is well-
diversified as shown on these tables. The quantity of crops 
produced increases as expected when capital level rises from 
to K^. For instance, on Dera farm at capital level (K^= 
75 B) the optimal crop production pattern in hectares is 
.42 ha of wheat, .60 ha of barley, 1.06 ha of teff, and .13 
ha of maize. At capital level (K2 = 150 B) the optimal 
crop combination is .42 ha of wheat, .60 ha of barley, 
3.14 ha of teff, and .31 ha of maize. At unlimited capital 
level (K2=300 B) optimal cropping pattern includes .42 ha 
of wheat, .60 ha of barley, 2.14 ha of teff, and .31 ha of 
maize. Under traditional technology and capital level 
(Kg),crops produced for sale on Dera farm include 20 quin­
tals of teff and 3 quintals of maize. On Asela, Bekoji, 
and Kofele farms 15 quintals of teff, 32 quintals of flax, 
and 24 quintals of wheat a produced respectively for sale. 
The other crops are produced to fulfill minimum farm house­
hold consumption. 
Of more interest and significance here is to show 
the effects of availability of different capital levels 
I 
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on optimal resource use, farm income, net income per unit 
of resources, and productivity. Table 6.4 summarizes these 
results. These summary results are based on optimal 
farm plans from Appendix Tables Al, A2 and A3. 
Table 6.4 shows that under traditional technology net 
farm income and the number of hectares cultivated consistent­
ly increases as capital supply level increases from to 
. Capital level (K2=300 B) is unlimited under traditional 
technology for all four average area farms. Resource use, 
productivity and efficiency measured in terms of per unit 
net return to land, labor, and capital also consistently 
rise as more operating capital becomes available. However, 
on Dera farm there is no change in resource allocation 
pattern between and K^. This is because on Dera area 
farm capital level (0^=150 B) becomes unlimited and thus 
increasing capital level above this level has no effect on 
optimal resource allocation. 
The marginal value productivities of capital (per Birr) 
for capital levels and Kg are 5.08 B on Asela, 8.50 B 
on Bekoji, 4.15 on Kofele farms. Bekoji farm has the 
highest shadow price for capital and Kofele farm has the 
lowest implying at these capital levels, capital is most 
scarce (limiting) on Bekoji farm and least scarce on Kofele 
farm. At capital level (^^=300 B) and traditional technology, 
the shadow price of capital drops to zero for all four farms. 
Table 6.4. The effect of three levels of capital availability on optimal resource use, productivity 
and farm income under traditional technology for the four area farms 
Asela Bekoji Kofele Dera 
K]. S 3^ 1^ 2^ 3^ 1^ 2^ 3^  ^ 2^ 3^ 
Total land 
cultivated (ha) 1.33 2.85 4.61 1.48 3.53 4.48 1.68 3.37 4.73 2.21 4.47 4.47 
Net income (Birr) 30 378 835 45 583 980 95 407 649 110 551 551 
% of land culti­
vated (ha) 17.70 38.00 61.50 19.70 47.00 59.70 22.40 44.90 63.00 29,50 59.60 59;60 
% of household 
labor used (ha) 27.30 51.20 74.60 24.90 52.00 52.30 27.10 54.80 76.20 33.00 67.40 67.40 
Net return per 
hectare (Birr) 22.56 132.65 181.13 30.40 193.56 218.80 56.55 120.63 137.21 49.77 123.37 123.37 {Z:^  
in 
Net return per 
hour (Birr) 0.04 0.30 0.46 .07 0.54 0.62 0.14 0.30 0.35 0.13 0.34 0.34 
Net return per 
unit of capital 
(Birr) 0.40 2.52 3.24 0.60 4.56 5.30 1.27 2.71 3.05 1.47 3.68 3.68 
MVP of capital 
(Birr) 5.08 5.08 0.00 8.50 8.50 0.00 4.15 4.15 0.00 6.30 0.00 0.00 
MVP Sept.-Oct. 
HLB^ (Birr/hr) 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 O.UU O.OO 1.18 1.18 
MVP Nov.-Dec, 
HLB (Birr/hr) 0.00 0.00 2,12 0.00 0.00 3.12 0.00 0.00 1.30 0.00 0.46 0.46 
MVP June-Feb. 
HLB (Birr/hr) 0,00 0,00 0.31 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 
H^ousehold labor. 
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But on Dera farm the shadow price of capital is 6.30 B per 
Birr at capital level and becomes zero at capital supply 
level (K2=150 B) as shown on the table. 
Household labor during critical periods has shadow 
prices of zero at low capital level (K^=75 B) for all the 
four farms. At capital level (Kg^lSO B) the marginal value 
products of household labor during these periods is zero 
for Asela, Kofele, and Bekoji area average farms. But on 
Dera area farm September-October labor for weeding and 
November-December labor for harvesting has shadow prices of 
1.18 Birr and 0.46 Birr per hour, respectively, as illustrated 
on the table. At unlimited capital level (K^), however, 
seasonal farm labor becomes scarce with positive shadow 
prices on the four area farms. 
. Asela farm has shadow prices (Birr per hour) of 0.13 B 
for September-October labor, 2.12 B for November-December 
labor, 0.31 January-February labor. Harvesting labor is the 
most limiting on Asela farm. Bekoji farm has shadow price 
of 3.12 B per hour during November-December harvesting 
period. On Kofele farm, the marginal value productivities 
are 1.30 B and 0.55 B per hour for November-December labor 
and January-February labor respectively. Dera farm has 
shadow price of 1.18 B per hour during September-October 
weeding season and 0.46 B per hour during November-December 
season. So on Asela, Bekoji and Kofele area farms 
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November-December harvesting labor is most scarce, whereas 
on Dera farm September-October weeding labor shows highest 
shadow price (MVP). 
So, in summary, increasing capital supply levels even 
under traditional technology increases total land culti­
vated, net income, and proportion of household labor used 
on farms. Average productivity of land, labor and capital 
as measured, respectively, in net return per hectare of 
land, per hour of labor, and per unit of capital (Birr) 
also consistently increase on all farms. Marginal value 
product of capital remains constant at capital levels (K^ 
and K^) and drops to zero at capital level K^, where it be­
comes no more scarce or limiting, with the exception of 
Dera area farm where it drops to zero at capital level (K2= 
150. At unlimited capital level (K^) under traditional 
technology, labor during critical periods becomes scarce 
with positive shadow prices as discussed earlier. This is 
consistent with logic and theory since one would expect 
an increase in the level of marginal value product of labor 
(i.e., shift to the right of short-run derived demand for 
capital function for labor during critical periods) as 
marginal productivity of labor improves from increased 
capital supply levels if complementarity exists between 
labor and capital. 
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Traditional and improved technology combined 
Optimal programming solutions were obtained by allowing 
improved crop production techniques to compete with 
indigeneous practices. Optimal farm plans for each of the 
four average farms under four levels of capital are pre­
sented in Appendix Tables A4 to A7 (i.e., a total of 
sixteen farm plans). The four capital supply levels are 
K^=75 B, K2=150 B, K3=300 B, K^=500 B. Capital level (K^) 
becomes unlimited when improved technology is introduced. 
The optimal crop production combinations and resource 
use for low capital levels (K^ and K2) are not different 
from the case when only indigenous techniques are used. 
This is sensible since one would expect traditional technology 
to be more efficient under low capital levels. However, at 
high capital supply levels (K^ and K^), the improved produc­
tion techniques become more efficient and most crops are 
produced more profitably under the improved technology 
(see Tables A6 and A7). For instance, the optimal cropping 
pattern under the lowest capital supply level (K^) on Dera 
farm is .42 hectares of wheat, .60 hectares of barley, 
1.06 hectares of teff, and .13 hectares of maize, all pro­
duced with traditional techniques (see Table A4). At un­
limited capital level (K^), the optimal farm crop plan for 
the same farm is to produce .23 hectares of wheat, .43 
hectares of barley, 2.26 hectares of teff and .52 hectares 
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of maize, all produced using improved production techniques 
(see Table A7). Crops that are most profitable at high 
capital level and improved technology are teff and rape 
seed on Asela, Bekoji, and Kofele area farms. On Dera 
area farm, maize accompanies teff in terms of commercial 
viability. 
When improved technology is used in combination with the 
traditional technology, the effect of the four levels of 
capital supply availability on farm income, resource use, 
and productivity is illustrated in the following summary 
table for the four average farms. 
Table 6.5 shows that net farm income and household 
labor use increases for all four average farms. But the 
amount of land cultivated increases as capital level in­
creases from to Kg. However, at K^=500 B, the number 
of hectares of land cultivated decreases in all farm cases 
as shown on the table. This implies as the new technology 
is introduced some substitution of capital for land takes 
place. Average productivities of land and labor measured 
in net return (Birr) per unit of the factor show consistent 
increase as capital supply rises for all the four average 
farms. 
Changes in the level of marginal value productivities 
of seasonal farm labor (shift in the short run derived demand 
Table 6.5. The effect of four levels of capital supply availability on 
optimal resource use, productivity, and farm income under 
the combination of traditional and improved technologies for 
the four area farms 
Asela Bekoji 
KG K_ K K, K 
Total land 
cultivated (ha) 1.32 2.84 4.46 3.71 1.41 2.98 4.47 3.91 
% of land 
cultivated 17.60 37.80 59.40 49.50 18.80 39.70 59.50 52.10 
% of household 
labor used (hrs) 24.30 51.00 82.10 71.80 24.70 39.40 79.90 73.30 
Net income (Birr) 33.50 381.13 1002.00 1112.00 47.00 360.50 947.00 1113.35 
Net return per 
hectare (Birr) 25.40 134.20 224.66 299.73 33.30 120.97 211.86 284.74 
Net return per 
hour (Birr) 0.06 0.31 0.50 0.63 0.08 0.37 0.48 0.62 
MVP of capital 
per Birr (Birr) 5.08 5.08 2.94 0.00 4.62 4.62 3.08 0.00 
MVP Sept.-Oct. 
HLB (Birr) 0.00 0.00 0.30 1.35 0.00 0.00 0.19 1.24 
MVP Nov.-Dec. 
HLB (Birr) 0.00 0.00 0.69 0.00 0.00 0.00 0.51 0.00 
MVP Jan.-Feb. 
HLB (Birr) 0.00 0.00 0.00 1.38 0.00 0.00 0.00 1.39 
H^ousehold labor. 
121 
Kofele Dera 
2^ 3^ 4^  ^ 2^ S 4^ 
1.52 3.22 4.06 3.91 2.21 4.43 3.78 3.44 
20.30 42.90 54,10 52.oO 29.50 59.00 50.40 45.80 
25.00 52.70 71.30 71.70 33.00 66.00 70.60 67.90 
37.00 348.48 931.00 1112.13 110.00 562.60 830.00 875.50 
24.34 108.22 229.31 284.70 49.77 127.00 219.60 254.90 
0.06 0.27 0.54 0.63 0.14 0.35 0.48 0.53 
4.15 4.15 2.62 0.00 6.30 3.43 1.53 0.00 
0.00 0.00 0.74 1.24 0.00 0.00 1.16 1.66 
0 .00  0 .00  0 .00  0 .00  0 .00  0 .88  0 .00  0 .00  
0.00 0.00 0.04 1.39 0.00 0.00 0.03 0.45 
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for seasonal labor) also occur as capital supply level 
changes. At low capital levels K^=75 B, and B 
the shadow prices (MVPs) of September-October, November-
December, and January-February labor is zero for all farms 
with the exception of Dera farm where the shadow price of 
November-December harvesting labor shows 0.88 B per hour. 
This implies that at low capital levels where traditional 
technology dominates in crop production^ farm labor is in 
surplus and therefore has zero marginal value product. 
On the other hand, at capital levels ^2=300 B, K^=500 B 
the new technology becomes more efficient for crop produc­
tion. The shadow prices (MVP) of September-October labor 
for weeding at capital level are 0.30 B per hour on 
Asela, 0.19 B per hour on Bekoji, 0.74 B per hour on Kofele, 
and 1.16 B per hour on Dera farms, showing the most scarcity 
on Dera farm and the least scarcity on Bekoji farm. Novem­
ber-December harvesting labor shows shadow prices of 0.69 B 
per hour on Asela, and 0.51 B on Bekoji farm at capital 
level K^. But at this capital level, labor for November-
December has zero shadow price and therefore, in surplus 
on Kofele and Dera farms as shown on Table 6.5. Marginal 
value productivity of January-February farm labor for 
threshing and winnowing shows zero value on Asela and 
Bekoji farms but it shows 0.04 B per hour and 0.03 B per 
hour on Kofele and Dera farms, respectively. 
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At unlimited capital level (K^=500 B), the shadow 
prices for September-October labor increase to 1.35 B, 
1.24 B, 1.24 B, 1.66 B per hour on Asela, Bekoji, Kofele 
and Derà farm, respectively, showing the largest productivity 
and scarcity on Dera farm and least on Bekoji and Kofele 
farms. November and December harvesting labor has zero 
shadow price and therefore not limiting on all farms at 
capital level K^. Marginal value product of January-
February labor, however, rises to 1.38 B per hour on Asela, 
1.39 B per hour on Bekoji, and Kofele, and 0.45 B per hour on 
Dera farm at unlimited capital level showing highest value 
on Bekoji and Kofele farms and least value (scarcity) on 
Dera farm. 
In summary. Table 6.5 shows that there is consistent 
increase in net farm income and average productivity of 
land and labor measured in Birr per hectare and Birr per 
hour, respectively as capital availability increases from 
K^ to K^. The marginal value productivities of September-
October labor and January-February labor increases as capital 
level changes from ^^=300 B to K^=500 B implying comple­
mentary effect of capital as an input during these periods. 
However, the shadow prices of November-December harvesting 
labor drops to zero on Asela and Bekoji farms as capital 
supply increases from K^ to K^. This may be due to capital 
serving as a substitute input during this period and thus 
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decreasing marginal value product of labor. 
The results for marginal value productivity of capital 
are also shown for the four capital levels on the table. 
These values per Birr are constant at 5.08 B on Asela, 
4.62 B on Bekoji, 4.15 B on Kofele farm for capital levels 
and Kg. At capital level the values are 2.94 B, 
3.08 B, 2.62 B, 1.53 B on Asela, Bekoji, Kofele and Dera 
farms, respectively. At unlimited capital level (K^= 
500) the marginal value products are zero for all farms. 
The decrease in MVP of capital as capital supply level in­
creases for all farms is consistent with neoclassical 
theory. If one relates the MVP of capital to the level of 
capital for each area farm, one can trace short run derived 
demand for capital. The next section will pursue this topic 
in more detail. 
The Effect of Introducing New Crop Production Technology 
on Marginal Value Productivity of Capital 
Introduction 
The knowledge of values of marginal productivity of 
capital is important for production decision of farmers. 
Under competitive situations, the marginal value pro­
ductivity of capital is the short run derived demand for 
capital if other factors are assumed constant. Solutions for 
marginal value productivities are obtained using the 
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parametric method;for capital supply levels ranging from 
75 B to 450 B by increments of 25 B. Solutions are obtained 
for one resource situation under traditional technology and 
two resource situations when traditional and the new crop 
production technologies are used in combination. These 
situations are: 1) traditional technology and household 
labor only and, 2) traditional and the new technology com­
bined and a) household labor only, b) hired labor available 
to complement household labor during critical production 
periods. The results which are shown on Table 6.6 and 
Figures 6.1 to 6.4, will be discussed next. 
Asela area farm 
On Asela area average farm, the marginal value pro­
ductivities for the three alternative resource situations 
are equal to 5.10 Birr per unit of capital (Birr), for 
capital supply level ranging from 75 B to 225 B. Intro­
ducing the improved crop production technology has no 
effect on the value of marginal productivity of capital 
at this range of capital as shown on Figure 6.1. But, 
for capital supply levels above 225 B, the new technology 
results in greater marginal value product of capital i.e., 
at each level of capital beyond this level marginal value 
productivity of capital under resource situation (2b), when 
traditional and improved production techniques are used in 
Table 6.6, Value of marginal productivities under three 
situations (Birr per IB) 
alternative resource and technology 
Asela Bekoji Kofele Dera 
level Trad. Trad & Imp.T. Trad. T. Trad. & Imp. T. Trad. Trad. 
(K) T(l)a (2) (1) (2) (1) 
(Birr) a b a b a 
75 5.10 5.10 5.10 8.50 4.60 4.60 4.10 4.10 
100 5.10 5.10 5.10 8.50 4.60 4.60 4.10 4.10 
125 5.10 5.10 5.10 8.50 4.60 4.60 4.10 4.10 
150 5.10 5.10 5.10 8.50 4.60 4.60 4.10 4.10 
175 5.10 5.10 5.10 8.50 4.60 4.60 4.10 4.10 
200 5.10 5.10 5.10 0.00 4.60 4.60 2.90 4.10 
225 5.10 5.10 5.10 0.00 4.10 4.30 0.00 4.10 
250 1.60 2.90 3.65 0.00 3.10 3.90 0.00 4.10 
275 0.00 2.90 3.50 0.00 3.10 3.40 0.00 2.90 
300 0.00 2.90 3.50 0.00 3.10 3.40 0.00 2.60 
325 0.00 1.30 3.50 0.00 3.10 3.40 0.00 2.30 
350 0.00 0.50 3.50 0.00 1.80 3.40 0.00 2.30 
375 0.00 0.00 0.82 0.00 0.50 3.40 0.00 2.30 
400 0.00 0.00 0.00 0.00 0.00 3.40 0.00 0.00 
425 0.00 0.00 0.00 0.00 0.00 1.24 0.00 0.00 
450 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& Imp.T. 
(2 )  
b 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
3.84 
3.84 
3.84 
3.73 
3.67 
1.64 
0.00  
0 .00  
Trad. Trad & Imp. T. 
(1) (2) 
a b 
6.30 
6.30 
6.30 
0.00 
0.00  
0.00  
0 .00  
0.00  
0.00  
0.00 
0 .00  
0 .00  
0 .00  
0.00 
0.00  
0 . 0 0  
6.30 
6.30 
6.30 
3.40 
2.30 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
0.00  
0 .00  
0 .00  
0 .00  
0.00 
6.30 
6.30 
6.30 
5.20 
5.20 
5.20 
5.20 
3.40 
2.50 
2.50 
2.50 
0.60 
0.60 
0 .60  
0.60 
0.00 
1^ - traditional crop production exclusively, 2a - traditional and new technology combined and 
no hired labor, 2b == traditional and new technology combined and hired labor available. 
6.00 
5.10 t 
CO 
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3.65 
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CAPITAL SUPPLY LEVELS (Birr) 
Figure 6.1. The relationships between shadow prices (MVP) and capital supply 
levels under the three resource alternatives on Asela area farm 
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combination and hired labor is available in addition to 
household labor is greater than that of resource alterna­
tive (2a) i.e., the same resource situation without hired 
labor. Furthermore, marginal value productivity of capital 
under resource alternative: when traditional production 
techniques are used exclusively is less than the two 
alternatives under improved techniques at each level of 
capital supply,as illustrated on Figure 6.1 and Table 6.5. 
For example, at capital level of 250 B, marginal value pro­
ductivity of capital is 1.60 B under resource alternative 
(1), 2.90 B under alternative (2a), 3.65 B under alterna­
tive (2b). At capital level of 350 B, marginal value 
productivity of capital is zero under resource alternative 
(1); 0.50 B under alternative (2a) and 3.50 B under alterna­
tive (2b). 
In general, above capital supply level of 225 B, 
MVP^^ > MVP^^ > MVP^ for each level of capital supply up to 
J\ J\ J\ 
375 Birr. At capital level of 375 B, MVP^ = MVP^^ = 0 and 
= 0.82 B per unit of capital. At capital supply 
level of 400 B and above, the MVP of all the three alterna­
tive resource alternatives are zero. 
Bekoji area farm 
The Bekoji area farm has a relatively high marginal 
value productivity of capital of 8.50 B up to capital supply 
level of 175 B under traditional crop production techniques 
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as shown on Figure 6.2. Beyond this level MVP (resource 
alternative 1) is zero under indigenous crop production 
techniques. Productivity of capital under resource alterna­
tive (2a) and (2b) shows a relatively low value of 4.60 B 
up to capital supply level of 200 B. So, on Bekoji farm 
for low ranges of capital (75 B to 175 B), capital is 
actually more productive under indigenous crop production 
methods. However, at the level of 200 B and above, MVP^^ 
under traditional technology is zero and MVP^^ > MVP^^ up 
to capital supply level of 450 B, after which MVP^ for all 
the three resource alternatives are zero as shown on Figure 
6.2 and Table 6.6. 
Kofele area farm 
On Kofele area farm, the marginal value productivities 
of the three alternative resource situations are equal to 
each other at 4.10 B for capital supply levels ranging 
between 75 B to 175 B as shown on Figure 6.3. At the level 
of 200 B; MVP under resource alternative (1) drops to 2.90 B; J\ 
and at 225 B and above the MVP^ of capital is zero under 
this situation. 
When improved crop production technology is introduced 
to compete with traditional technology, MVP^ is constant 
and equal to 4.10 B up to capital supply level of 250 B 
for both resource alternatives (2a) and (2b). But the 
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capital supply level 275 B and above shows greater MVP 
under situation (2b) than (2a) (MVP^^ > MVP^^) for all 
capital supply levels up to 425 B and above when the value 
of marginal productivities of all the three resource 
alternatives are zero as shown on Figure 6.3. 
Dera area farm 
Dera area farm has marginal value productivity of 
capital of 6.30 B for the three resource alternatives up 
to capital level of 125 B. At 150 B and above, MVP 
under traditional technology is zero, the MVP^ for resource 
alternative (2b) is greater (situation 1) than MVP under K 
alternative (2a), up to capital supply level of 350 Birr. 
At 350 B and above, MVP^ under alternative (2a) is zero 
but marginal value product of capital under resource alterna­
tive (2b) is constant at 0.60 B up to capital supply level of 
425 B. At 450 B and above the I-IVP of capital for all the 
three alternatives is zero as shown on Figure 6.4. 
The marginal value productivity schedules shown on 
Table 6.6 and Figures 6.1 to 6.4 show normative short run 
derived demands for capital under the three resource alterna­
tives for the four average farms. A glance at these 
figures shows first that there are differences in the value 
of marginal productivity of capital between the four 
average farms. These differences may be attributed.to dif­
ferences in soil conditions, managerial capabilities of 
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under the three resource alternatives on Dera area farm 
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the farmer and the production function between the farms. 
Since the average farms represent the four.different 
ecological areas of Chilalo, there is no reason why the 
shadow prices (MVP^) should be the same for the farms. 
(This comparison will be made in the next section under 
traditional technology). Within each area farm, the shadow 
prices of capital are the same at low capital levels on 
Asela, Kofele, and Dera farms under the three resource 
alternatives (1, 2a, 2b) implying neither improved tech­
nology or additional hired labor availability will affect 
the MVP under capital scarcity on these farms. But, on 
Bekoji farm,capital shows greater productivity under tradi­
tional crop production technology and capital level range 
of 75 B to 175 B. The ranges of equal productivities for 
capital under the three resource alternatives (MVP^ = 
MVpJ^ = MVpJ^) are 5.10 B from 75 B to 225 B on Asela, J\ K 
4.10 B from 75 B to 175 B on Kofele, 6.30 B from 75 B to 
125 B on Dera farm as shown on Table 6.6. On Bekoji area 
farm, MVP^^ = MVP^^ at 4.10 B for capital levels ranging 
between 75 B to 200 B. And MVP^ under traditional tech-
nology is relatively greater at 8.50 B between capital 
levels 75 B and 175 B. 
However, at relatively higher capital levels, a 
consistent pattern in the value of productivities in capital 
occurs as shown on Table 6.6 and Figures 6.1 to 6.4. The 
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pattern is that for each level of capital supply level, the 
marginal value productivity under traditional and improved 
technology combination is greater than that of traditional 
technology on each farm. Furthermore, when traditional 
and improved technology is used, MVP shows greater value 
if additional hired labor is used to household labor than 
household labor alone (i.e., MVP^^ > MVP^^ > MVP^) on each 
farm case. 
In other words, the short run derived demand for capital 
under resource situation (2b) is more elastic than resource 
alternative (2a), and elasticity of derived demand for 
capital under alternative (2a) is greater than elasticity 
under resource alternative (1) (i.e., MVP^^ > MVP^^ > MVP^^ 
under high capital levels for each average farm. This 
pattern occurs above capital level of 225 B on Asela, 
175 B on Kofele, 125 B on Dera, 200 B on Bekoji farm. 
The reason for such patterns that account for shapes of 
derived demand functions or marginal value productivity 
schedules shown on Figures 6.1 to 6.4 follows from both 
logic and neoclassical theory of the firm regarding farmers' 
behavior with respect to resource use. The effect of im­
proved crop production technology is to increase the level 
of capital productivity on farms (shift MVP„ out). However, 
this effect would not occur unless farmers have access to 
adequate amounts of capital that makes crop production using 
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the new techniques more efficient and profitable. At low 
capital levels, introducing improved techniques has no 
effect on marginal value productivity of capital, with the 
exception of Bekoji farm where traditional technology 
actually is more efficient resulting in greater productivity. 
Furthermore, one would expect the short run derived demand 
for capital (MVP ) under traditional and improved technology J\ 
combinations with family and hired labor to be more elastic 
than without hired labor, because farmers should be more 
responsive to greater capital use if they also have the 
option of using hired or cooperative labor for critical 
crop production periods in addition to household labor. 
Value of Marginal Productivity Comparisons for 
Capital of the Four Average Farms Under 
Traditional Crop Production Technology 
Comparisons of productivities of capital are shown on 
Table 6.7 and Figure 6.5. For capital supply levels 
ranging between 75 B to 175 B, Bekoji farm shows the highest 
productivity at 8.50 B and Kofele farm shows the lowest 
at 4.10 B per unit of capital (Birr). In general, on this 
range Between 
the ranges of 200 B and 250 B, the marginal value productivi-
y 
ties on Bekoji and Dera farms are zero and ^^^gg^a 
K greater than kofele each level of capital. At capital 
supply levels of 275 B and above, the marginal value 
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productivities on all the four farms are zero. 
These differences in productivity of capital could be 
attributed to differences in physical or soil productivity 
and management capabilities of the farmers. 
Table 6.7. Relative values of marginal productivities of 
capital four the four area average farms under 
traditional technology 
K Asela Bekoji Kofele Dera 
75 5.10 8.50 4.10 6.30 
100 5.10 8.50 4.10 6.30 
125 5.10 8.50 4.10 6.30 
150 5.10 8.50 4.10 0.00 
175 5.10 8.50 4.10 0.00 
200 5.10 0.00 2.90 0.00 
225 5.10 0.00 0.00 0.00 
250 1.60 0.00 0.00 0.00 
275 C. 0 0 0.00 0.00 0.00 
300 0.00 0.00 0.00 0.00 
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The Effect of Additional Labor Supply Availability 
During Critical Production Periods on Optimal 
Resource Use and Productivity 
In this section, the effects of additional labor supply 
availability during critical production periods of September-
October weeding season and November-December harvesting 
season are examined. This is accomplished by comparing 
optimal farm plans presented in Tables A7 and AlO. 
Household and cooperative labor 
Chilalo farmers in particular and Ethiopian farmers 
in general often engage in mutual aid work teams for agri­
cultural production. This "pooling of labor" is common 
especially during weeding and harvesting operations. It is, 
therefore, of interest to examine the effects of cooperative 
labor supply availability in addition to family labor on 
resource use efficiency, productivity and farm income. The 
results of these effects are shown on Table 6.8. 
The effect of cooperative labor supply availability 
when traditional and improved crop production techniques 
are used in combination is to consistently increase farm 
income and amount of land cultivated on the four farms. 
The magnitudes of income and farm size increases are 
respectively, 16.8%, 14% on Asela farm, 24.9% and 19.2% 
on Bekoji farm, 24.9%, 18.9% on Kofele, and 59.9%, 52.6% on 
Dera farm as illustrated on Table 6.8. Resource productivity 
Table 6.8. Changes in resource use, productivity and farm income when additional cooperative labor 
is available during critical production periods under high capital level (K^) and 
combinations of traditional and improved technologies for the four average farms 
Asela Bekoji Kofele Dera 
Without With % Without With % Without With % Without With % 
coop. coop, change coop. coop, change coop. coop, change coop, coop change 
labor labor labor labor labor labor labor labor 
Land cultivated 
(hectares) 3.71 4.23 14 3.91 4.66 19.20 3.91 4.65 18.90 3.44 5.25 52.60 
Net income (Birr) 1112.00 1299.00 16.8 1113.35 1390.23 24.9 1112.13 1389.34 24.90 875.44 1399.97 59.90 
Net return per 
hectare (Birr) 299.73 307.10 2.40 284.74 298.33 4.8 284.70 289.78 4.90 254.40 266.60 4.80 
Net return per 
hour (Birr/hr) 0.63 0.70 11.10 0.62 0.73 17.7 0.63 0.75 19.00 0.53 0.74 39.60 
Net return per 
Birr (Birr) 2.99 3.30 10.40 2.86 3.25 13.6 2.95 3.36 13.90 2.65 3.26 23.00 
MVP of Jan.-
Feb. Labor 1.38 3.49 2.11 1.39 3.48 2.09 1.39 3.48 2.09 0.45 3.47 43.02 
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measured in terms of net return (Birr) per unit of land, 
labor, capital also shows consistent increase as shown on 
the table. Additional cooperative labor available during 
weeding and harvesting season also puts more pressure on 
labor demand during threshing period. Thus, due to the 
existence complementarity relationships between weeding, 
harvesting and threshing operations, the marginal value 
productivity labor for January-February threshing period 
rises for all farms. 
Household and hired labor 
The effect of hired labor supply in addition to house­
hold farm labor during critical periods is also examined 
as labor hiring is a common practice for weeding and har­
vesting purposes in Chilalo province. The wage rate is 
assumed to be 0.15 Birr per hour equivalent to wage paid 
to farm workers on state farms. These effects on resource 
use, farm income and productivity based on farm plans 
presented on Appendix Tables A7 and A12 are shown in Table 
6.9. 
The effect of additional hired labor supply availability 
in addition to household labor is qualitatively the same as 
cooperative labor situation discussed earlier. Table 5.9 
shows that the percentage increases in optimal farm size 
and income respectively, are 12.7%, 14.8% on Asela; 19.2%, 
Table 6.9. Changes in resource use, productivity, and farm income when hired labor is available in 
addition to household labor during critical periods under high capital level (K^) and 
combination of traditional and improved crop production techniques 
Asela Bekoji Kofele Dera 
With- With % With- With % With- With % With- With % 
out hired change out hired change out hired change out hired change 
hired labor hired labor hired labor hired labor 
labor labor labor labor 
Amount of land 
cultivated (ha) 3.71 4.18 12.70 3.91 4.66 19.20 3.91 4.65 18.90 3.44 5.20 51.50 
Net income 
(Birr) 1112.00 1277.00 14.80 1113.35 1354.00 21.60 1112.13 1353.00 21.60 875.47 1340.00 53.10 
Net return per 
hectare (Birr) 299.73 305.50 1.90 284.74 290.56 2.04 284.70 291.00 2.20 254.40 258.20 1.50 
M 
Net return per to 
hour (Birr) 0.63 0.69 57.10 0.62 0.64 3.20 0.63 0.72 14.30 0.53 0.72 35.80 
Net return per 
unit of capital 
(Birr) 2.99 3.23 8.00 2.86 3.16 10.50 2.95 3.30 11.90 2.65 3.09 16.60 
MVP of Jan.-Feb. 
labor 1.38 3.26 1.39 3.08 1.39 3.08 0.45 3.04 
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21.6% on Bekoji; 18.9, 21.6% on Kofele; and 51.5%, 53.1% 
on Dera farms. Productivity measured in terms of per unit 
net return to land, labor, and capital also rises con­
sistently if farms use hired labor during the two critical 
periods as shown on the table. The shadow prices or MVP 
of January-February labor for threshing also increase 
for all farms as a result of increased hired labor avail­
ability. This increase occurs because harvesting and weeding 
labor are complementary to threshing and winnowing in pro­
duction process of crops. 
The Effects of Removing Minimum Household Consumption 
Restraint on Optimal Farm Plans 
Traditional crop production technology 
Results discussed thus far in this chapter are all 
based on household farms' dual objective function of minimum 
family consumption level insurance and net income maximiza­
tion. This objective is emphasized, because it is more 
realistic in depicting production behavior of household 
farms in peasant agriculture. In those plans, farmers sell 
crops only after fulfilling minimum diet requirement of 
their household. This section examines changes in optimal 
resource allocation and product combinations on the four 
farms, if production decisions are based on the second 
objective function of strict net income maximization. 
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The effects of removing minimum consumption restraint 
is shown based on comparisons of farm plans presented on 
Tables A3 and A9 in the Appendix under traditional and high 
capital level (K^). Optimal crop production combinations 
under farmer's dual objective function (Table A3) are much 
more diversified than if the farmers objective is sole 
profit maximization (Table A12). For instance, as shown 
on these tables, the optimal cropping pattern on Asela farm 
under the first objective function is to produce .21 hectares 
of wheat, .40 hectares of barley, 2.72 hectares of teff, 
.68 hectares of maize, .17 hectares of field pea, .12 
hectares of horse bean, and .31 hectares of rape seed (see 
Table A3). But, under the second objective function of 
sole net income maximization, the optimal cropping plan on 
Asela farm is to produce and sell 1.74 hectares of teff 
and 2.66 hectares of rape seed as shown on Table A9. Table 
6.10 shows changes in farm income, resource use and per 
unit returns to resources when minimum consumption restraint 
is removed under traditional crop production techniques and 
high capital level (K2=300 B). Net farm income and per unit 
net returns to land, labor and capital show a consistent 
increase on the four area average, farms when minimum con­
sumption restraint is removed under high capital level (K^) 
and traditional crop production techniques. However, the 
optimal quantity of land cultivated declines in all cases. 
Table 6.10. The effect of removing minimum consumption constraint on resource use, income and 
productivity under traditional technology and high capital level (K^) for the four 
average farms 
Asela Bekoji Kofele Dera 
With With- % With With- % With With- % With With- % 
min. out change min. out change min. out change min. out change 
cnsp. min. cnsp, min. cnsp. min. cnsp. min. 
const, c. const, c. const, c. const, c. 
Land cultivated 
(hectares) 
Net return per 
hectare (Birr) 
Net return per 
hour (Birr) 
4.61 4.40 -4.50 4.48 4.4 -1.8 4.73 4.70 -0.60 3.47 4.30 -3.80 
181.13 245.68 35.60 218.79 312.20 42.70 137.21 182.57 33.10 123.27 194.30 57.40 
0.46 0.57 23.90 0.62 0.97 56.50 0.35 0.46 31.40 0.34 0.54 58.80 
Net return per 
unit capital 
(Birr) 
Net income 
3.24 4.30 32.70 530.00 848.00 60.40 3.05 4.03 2.60 3.67 6.28 70.60 
835.00 1081.00 29.50 980.16 1373.70 40.20 649.00 858.10 32.20 551.00 835.50 51.50 
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The reason for this decline in land cultivated could be that 
less diversification of crops is needed and therefore less 
land is required if the fulfillment of minimum household 
consumption is not taken into account in the farmers ob­
jective function. 
Traditional and improved crop production technology combined 
When the new technology is introduced and allowed to 
compete with indigeneous crop production techniques, the ef­
fect of changing farmers objective function to that of 
strict net income maximization is shown by comparing Appendix 
Tables A7 and All. Here, the optimal crop production 
combination for Dera farm, for instance is to produce .23 
hectares of wheat, .43 hectares of barley, 2.26 hectares of 
teff, and .52 hectares of maize under farmers dual ob­
jective function and capital level (K^) as shown on Table 
A7. But, under the objective function of sole net income 
maximization, it is optimal for the same farm to only pro­
duce and sell 4.32 hectares or 30.24 quintals of teff. 
Under the later objective function, no diversification in 
crop production occurs on the four farms as illustrated on 
Table All. All the crops entering the optimal plans are 
produced using improved technology at high capital level (K^= 
500 B) implying the new production technology becomes more 
efficient than the traditional when adequate amount of capital 
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supply is available. At low capital levels (K^, Kg)' crops 
are more efficiently produced with traditional production 
techniques as discussed earlier. Thus, for household farms 
to use the new technology as a viable alternative adequate 
quantity of capital should be available. 
Table 6.11 shows that when the minimum consumption 
restraint is removed and unlimited capital (K^) is used 
with the traditional and new technology combined, income and 
per unit net returns to land, labor, and capital increase 
in all cases. The optimal amount of land cultivated in­
creases by 3.5% on Asela, 2.04% on Bekoji and Kofele farms, 
but decreases by 6.9% on Dera farm. When the new production 
technqiues are used with high capital level (K^), it is 
optimal for farmers to cultivate slightly more land in 
Asela, Bekoji and Kofele areas. 
The shadow prices of the scarce January-February 
seasonal labor show no difference under the two objective 
functions. These values per hour are 1.38 B on Asela, 
1.39 B on Bekoji and Kofele, and 0.45 B on Dera farm as 
shown on Table 6.11. Here, the shadow prices (MVP) for 
Bekoji and Kofele farms are the same, reflecting a possible 
similarity in the production functions and soil conditions 
of the two areas. Also, both areas are located in Southern 
Chilalo province where soil and climate conditions are 
similar. The shadow price for January-February threshing 
Table 6.11. The effect of removing minimum consumpcion constraint on resource use, income, and 
productivity under traditional and improved technology combined and unlimited capital 
level (K^) for the four area average farms 
Asela Bekoji Kofele Dera 
With With- % With With- % With With- % With With- % 
min. out change min. out change min. out change min. out change 
cons. cons. cons. cons. cons. cons. cons. cons. 
const, const. const, const. const, const. const, const. 
Land cultivated 
(hectares) 3.71 3.84 3.50 3.91 3.99 2.04 3.91 3.99 2.04 3.44 3.20 -6.90 
Net income 
(Birr) 1112.00 1475.70 32.70 1113.35 1421.32 27.70 1112.13 1421.32 27.80 875.47 1137.14 29.90 
Net return per 
hectare (Birr) 299.73 384.30 28.20 284.74 356.20 25.10 284.70 356.20 25.10 254.40 355.36 39.70 
Net return per 
hour (Birr) 0.63 0.83 31.70 0.62 0.78 25.80 0.63 0.80 27.10 0.53 0.70 32.07 
Net return per 
unit of capital 
(Birr) 2.99 3.75 25.40 2.86 3.50 22.40 2.95 3.60 22.03 2.65 3.51 32.40 
MVP Jan.-Feb. 
labor (Birr/hr) 1.38 1.38 0.00 1.39 1.30 0.00 1.39 1.39 0.00 0.45 0.45 0.00 
CO 
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labor is relatively low on Dera farm reflecting the fact 
that Dera area has the worst soil condition for crop pro­
duction of the four areas. So, once again, when the new 
crop production technology is introduced and farms are 
guided by sole net income maximization objective, the optimal 
crop production plans show less diversification. This is 
clearly illustrated when Appendix Tables A7 and All are com­
pared. For instance, as shown here, under the farmers'dual 
objective function, the optimal cropping plan on Asela 
farm is to produce 0.13 hectares of wheat, .25 hectares of 
barley, 2.61 hectares of teff, 0.05 hectares of maize, 0.10 
hectares of field pea, .09 hectares of horse bean, and 0.4S 
hectares of rape seed using improved production methods. 
This contrasts with the situation where the same farm if 
guided by sole profit maximization goal would optimally 
produce and sell 2.78 hectares of teff, and 1.05 hectares 
of rape seed (see Table All). Consideration of family 
consumption insurance forces the farmer to diversify his 
crop production. 
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CHAPTER VII. SUMMARY AND POLICY CONSIDERATIONS 
Introduction 
The main focus of analysis of this study has been on 
the problem of low agricultural productivity and output as 
it contributes to low resource returns, farm income and rural 
poverty in Ethiopia. Since agriculture is the backbone 
of the country's economy, where about 85% of the population 
makes their living, any relevant inquiry to economic develop­
ment problems for Ethiopia should emphasize this sector. 
The central proposition used in this study, both as a 
guide for analysis and normative prescription to the prob­
lems of low farm resource returns and deficiency in agri­
cultural productivity is that improvements in productivity, 
can be achieved by: 
1) A more efficient use of existing resources under 
indigenous crop production techniques and improvements in 
management capabilities of farmers that result in better 
planning, improved organization of resources and enter­
prises by individual farm household units. 
2) Introduction of new agricultural production tech­
nology in the form of new and improved inputs such as new 
seed varieties, fertilizer, improved plow and implements 
for better soil cultivation. 
3) Increased use of labor on household farms during 
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critical production periods such as weeding, harvesting, and 
threshing periods where additional labor is assumed to be 
available to household farms in the form of cooperative or 
hired labor. 
4) Use of increased amount of operating capital along 
with efficient allocation of farm resources and improved 
production techniques. 
Brief Summary of 
Results 
In terms of the current institutional organization of 
agriculture in Ethiopia, the central concern of analysis of 
this thesis and policy discussions in this chapter are 
specific to household farm units of the peasant subsector, 
where the bulk of food production takes place at present 
and the near future. Recent experiences with cooperatives 
and state farms are not considered due to lack of adequate 
information. 
The results from the normative, programming models out­
lined in the last chapter strongly support the prescriptive 
hypothesis made earlier on the strategy of increasing 
productivity on individual household farms. These results, 
which are consistent with the main preposition of this 
study, are qualitatively and briefly summarized as follows: 
1) A considerable gap exists between actual and 
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optimal farm plans on average farms in the four areas of 
Chilalo province. Farmers can increase their income and re­
source productivity as measured in terms of per unit net 
return to land, labor, and capital if they allocate their 
resources optimally, even using indigenous crop production 
practices. The actual cropping patterns on the four 
average farms are more consistent with optimal farm plans 
under farmers dual objective function of household con­
sumption insurance and net income maximization, suggesting 
that this objective function depicts farmers production 
behavior better than the goal of sole net income maximiza­
tion. 
2) Land is not a limiting resource to production on 
household farms after the revolution. However, before the 
land nationalization decree of March 1975, the majority of 
tenant farmers cultivated uneconomically small tracts of 
land, which were on the average less than 2 hectares. This, 
when compared to the optimal farm sizes cultivated of 4 to 
5 hectares for the four average farms in Chilalo province, 
has the following implications, a) The feudal land tenure 
systems under the deposed regime of Haile Selassie were a 
major hindrance to improving farm productivity and income 
by limiting land holdings to less than optimal or un­
economic sizes, b) The allottment of land to individual 
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farmers up to a maximum of 10 hectares by the land nationali­
zation decree of March 1975 removes this hindrance and it 
is therefore an important revolutionary step by the 
Ethiopian government to clearing the path for increasing 
agricultural productivity, farm incomes, and thereby alle­
viating rural mass poverty in Ethiopia. 
3) Improvements in farm productivity and income are 
limited by scarcity of seasonal farm labor especially during 
harvesting, weeding, and threshing periods. Availability 
of additional labor in cooperative or hired form will in­
crease farm productivity as measured by net returns per 
unit of resources and income under traditional technology. 
4) The new crop production technology introduced in 
the form of improved plow, new seed varieties and fertilizer 
has the effect of increasing farm income and net returns to 
land and labor on all the four average farms, specifically, 
the marginal value product of household labor during weeding 
and threshing operations rises, implying that further tech­
nological improvements in the form of herbicides and simple 
threshing equipment will enhance farm productivity and in­
come. The optimal amount of land cultivated, however, 
declines when the new technology is introduced. 
5) Increased availability of operating capital, in 
addition to resulting in considerable gains in efficiency, 
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productivity and farm income, has some effect on the choice 
of techniques for crop production. At low capital levels 
(K^f K^), when traditional and improved techniques are used 
in combination, all crops are more efficiently produced 
using indigenous production methods. But, at high capital 
supply levels (K^, K^), improved technology becomes a more 
efficient method of producing crops. 
6) Under traditional production technology, the ef­
fect of increasing supply of capital from K^=75 E to Kg= 
300 B is to consistently increase farm income, size and 
per unit net return to labor, land, and capital. At un­
limited capital level (K^), shadow prices (MVP) of labor 
during weeding, harvesting, and threshing becomes positive 
on all farms suggesting increased productivity effect of 
capital and requiring the need for technological progress 
or additional labor supply during these operations. 
when traditional and new crop production techniques 
are used in combination, the effect of increasing capital 
supply from K^=75 B to K^=500 B is also to increase farm 
income, productivity as measured in net returns to land, 
labor and capital. But at unlimited capital level (K^), 
the amount of land cultivated on the four area average farms 
slightly declines, suggesting a possible substitution of 
capital for land. Furthermore, at this level of capital, 
the use of improved crop production techniques makes seasonal 
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operating labor required during September-October (weeding), 
November-December (harvesting) and January-February 
(threshing) periods more productive and scarce. Results on 
the effect of increased use of cooperative and hired labor 
during these critical operations show consistent improve­
ments in farm income and productivity on all average farms. 
7) Finally, marginal value productivities of capital 
(shadow prices) or normative short run derived demands are 
examined under three alternative resource and production 
technology situations. The results show that on all the 
four area average farms, the derived demand for capital 
(MVP) is more elastic under new technology and high capital 
levels,than indigenous technology. At low capital levels 
improved technology has no effect on MVP of capital on 
most farms except for Bekoji farm where at low capital 
levels (75 B to 200 B), traditional techniques are actually 
more efficient than the new techniques. This implies that 
some adequate level of capital must be available to comple­
ment farmers before they can use the new technology more 
efficiently. 
Furthermore, the normative derived demands for capital 
when additional hired labor is used is more elastic than 
if household labor is used exclusively under new technology 
and high capital levels. 
The implication here is that farmers are more responsive 
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to capital use and therefore can utilize greater amounts of 
capital efficiently, not only when they have access to im­
proved technology and vice versa, but if they have the 
flexibility of using additional labor in the form of coopera­
tive or hired labor during critical production seasons. 
8) Comparisons of the relative values of marginal 
productivity of capital show some differences for the four 
average farms under traditional crop production techniques. 
There is no reason why they should be the same. The dif­
ferences in these values may reflect differences in pro­
duction functions, climatic and soil conditions and farmers 
management capabilities on the four average farms. 
Towards Progressive 
Production Policies 
Rapid economic growth can not be achieved from simple 
reallocation of traditional agricultural inputs alone. 
External injection of technological and organizational 
innovations are also needed to overcome the low marginal 
returns of indigenous farm resources. These innovations 
may take the form of complementary government development 
policies such as favorable price policy, public investment 
in agricultural research and extension services, and es­
tablishment of firms that supply fertilizer, machinery, in­
secticides, credit, improved plant and animals, etc. The 
I 
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discussion following will focus on these developmental 
policies and other policy issues of relevance to the current 
objective realities of the agricultural economy of Ethiopia. 
A favorable price policy should be one that results in 
increased supply of farm products by providing incentives 
to farmers to efficiently use their resources and the new 
production methods to increase farm productivity. A high 
farm output price relative to inputs would provide the in­
creased farm production so vital for the alleviation of the 
currently high food prices and shortages to urban consumers. 
Chilalo farmers in particular, and Ethiopian farmers in general, 
are quite responsive to price changes,including interest 
rates on loans. Thus, a high fertilizer price relative 
to price of teff may discourage the use of fertilizer and 
could therefore depress teff production for instance. The 
immediate effect of high farm output-farm input price ratio 
may be an undesirably high food prices to urban consumers, 
posing a short run policy dilemma to the government; how­
ever, in time increased supplies of farm products should 
result from such a favorable price policy to farmers, re­
sulting in low farm food prices to the urban population. The 
immediate solution to temporary problems of high food prices 
to urban consumers should not be the control of farm out­
put prices, but to seek solutions along rationing, farm 
159 
subsidies, and the provision of jobs to the unemployed 
[49]. Such a policy of increased farm output price rela­
tive to inputs,in addition to its potential assurance of 
adequate supply of food and agricultural raw materials 
necessary for domestic economic development, should also be 
beneficial in two additional ways. First, it would con­
serve public financial resources by making it unnecessary 
for government to make large subsidies to farmers. Second, 
it would increase government tax revenues from agriculture 
to be used for financing other development programs [49]. 
There should also occur a multiplier effect on Gross 
National Product (GNP) that results from a rise in ef­
fective demand due to a higher real income and purchasing 
power of the masses and potential increase in agricultural 
exports. So, in general a favorable government farm product 
price policy to farmers at this stage of economic develop­
ment of Ethiopia should result in positive sum outcome of 
increased welfare to farmers, urban consumers, and govern­
ment because urban consumers gain from increased farm output 
that will depress farm food prices; farmers should gain 
even though the increase farm output would depress prices, 
but farm incomes should rise due to high price elasticity 
of demand for food; and finally, government should gain from 
increased tax revenue from agriculture. 
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In addition to favorable price policies, public in­
vestment should be made on firms and institutions that im­
prove the quality of human and material resources. Human 
resources investments in the area of providing basic 
education to the masses, eradication of illiteracy, and 
the enhancing of the knowledge level and skills of farmers 
for efficient management of resources and the use of new 
technology should significantly increase productivity. 
The Provisional Military Government has already made 
considerable progress in this crucial area of mass educa­
tion. Simultaneous public investments should also be made 
on improvements of the quantity and quality of material re­
sources by reproducing and modifying traditional inputs, 
tools and implements and introducing new tools, chemicals, 
plant varieties and animal breeds. Public subsidy is neces­
sary in the development and operation of firms engaged in 
manufacturing these material inputs. Also, other comple­
mentary institutions such as adequate extension service, 
minimum package programs, agricultural research, farmers 
associations need to be developed and expanded. Institutions 
must be developed selectively, those past institutions that 
do not meet current needs should be abolished, others with 
proven success should be expanded and new institutions, of 
course, should be developed as the needs arise. Extension 
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strategy for the peasant subsector of Ethiopian agriculture 
should be designed along the adoption and experimentation 
with appropriate technology of chemical and biological nature 
that increases labor and land productivity by increasing 
yield per hectare. On the other hand, indiscriminate 
introduction of capital intensive mechanical technology in 
the form of ecologically and economically ill-adopted large 
tractors may have adverse effects in terms of draining the 
country's scarce foreign exchange reserve and increasing 
rural unemployment. Experiences with large tractors had 
adverse effects in Chilalo Awraja just prior to the 
revolution,resulting in peasant eviction and maldistribution 
of wealth and income 
Some crucial policy questions of the structure of agri­
culture and organization of farms in relation to the national 
economy must be answered by policy makers in Ethiopia at 
present and in the immediate future. These questions in­
clude: what strategy should be adopted in organizing the 
large agricultural sector of the economy so that it makes 
maximum contribution to social welfare? Ifhat types of 
production units should be developed and expanded? What 
will be the future role of individual household farms that 
presently produce the bulk of the country's food and fiber 
in these transformation processes? Many of these questions 
are political and will have to be answered through actual 
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experience. Neither this, study or economic analysis alone 
can provide the best way of organizing agriculture in the 
future in Ethiopia. However, under the political framework 
of socialism, as Ethiopia learns its lessons from experiences 
of other socialist countries, it should be realized that 
there are wide ranges of choices to adopt and learn from. 
From the national economic growth aspect, two important 
problems that need to be solved are first, how peasant 
farmers can be encouraged to produce a cumulative surplus 
of food and fiber over and above their own subsistence and 
second, how this surplus can be channelled for investment 
to the nonfarm sector without requiring in exchange an 
equivalent transfer of productive value to the farm sector 
[68]. For a viable economic growth to occur, some opera­
tional solutions need to be obtained for these two problems. 
Most of the now industrialized nations have historically 
dealt with this structural problem by using some means of 
transferring surplus from agriculture to be used in industry 
and nonfarm sector. Thus, the difference between the 
capitalist (market) and socialist (planning) approaches to 
economic growth from agriculture lies not in the fact of 
surplus extraction, but in the manner and timing of the 
surplus transfer process. The market approach to economic 
growth from agriculture is well-known and documented. It 
is essentially based on private ownership of farms complemented 
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by market forces and favorable government policies. The 
United States using this approach, has achieved unparalleled 
economic growth from agriculture through a long run policy 
of investment on farmers, complemented by public policies 
that led to low resource prices, price supports, and progress 
in farm technology. The crucial role played by agriculture 
in U.S. economic growth is well-stated by Heady who wrote 
"The rapid advance of agriculture has brought important 
gains to American society in the form of low real price 
for food, release of resources to produce other goods and 
services, and in providing a net annual transfer of human 
resources. . . . The net migration of people from farms 
has averaged over one million persons per year since 1940. 
The transfer of capital from farm to nonfarm sector amounts 
to over 20 billion" [34, p. 1]. 
The socialist approach which makes heavy reliance on 
planning as experienced by the Soviet Union and other East 
European countries involves the following elements [42, 68]: 
a) The use of socialist production units (state and coopera­
tive farms) with the help of government intervention in 
order to increase production by exploiting potential 
economics of scale, use of technology, and central planning 
techniques, b) Utilization of a large portion of total farm 
output imposed on behalf of the nonfarm sector through 
required deliveries of allocated quotas to the state at 
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nominal prices, supplemented by administered prices for com­
modities outside quotas, c) A purposive use of the 
acquired agricultural surplus in the development oriented 
rationing of food and fiber within the urban-industrial 
sector through the medium of state controlled and sponsored 
retail stores, services, consumer cooperatives and related 
wage and price controls (42, 45). 
The planned economies of the Soviet Union and Eastern 
Europe organize agriculture into private sector and socialist 
sector with gradual transition to the later. The socialist 
sector consists of state farms and cooperatives, while the 
private sector comprises of household plots owned by 
cooperative farm members and other citizens. The socialized 
sector operates under the direction of national planning 
agencics to satisfy the growing demand for farm products to 
nonfarm sectors and exports. Household farms play a signifi­
cant role by serving as a supplementary source of income to 
cooperative farmers and providing the bulk of food and 
employment specifically during initial stages of socialism 
and the drive to industrialization. The USSR, after the 
October 1917 Revolution, was the first country to socialize 
agriculture. Although by 1936 about 90% of farms were 
made into cooperatives, household farms consisting of small 
private plots accounted for 40% of the total farm output as 
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late as 1950 [42, 45]. The socialization of agriculture 
in the Soviet Union is still an ongoing and dynamic process, 
where individual household farms play a significant role up 
to the present in terms of their contribution to the value 
of total gross output. The relative value of gross out­
put in 1973 in millions of 1965 rubles, for different 
production units are estimated to be 39.00 on state farms, 
32.80 on cooperatives and 25.40 on private household farms 
[51] . 
Soon after World War II, the other East European 
countries adopted some variation of the Soviet model tailored 
to their socit.-economic conditions. In many of these 
countries, household farms have played a significant role 
both historically and at present. For instance, in Poland 
the Communist party's national agricultural policy is to 
encourage individual good farming and steadily encourage and 
enlarge the socialized sector in form of state farms 
[45]. In 1972, Poland had 3 million household farms with 
over 6 million people and a socialized sector of 5000 to 
6000 farms of varying types that employed about 600,000 
persons. Peasant household farms average about 5 hectares 
in size. The socialized sector is gradually growing and 
private sector declining so that by 1980 it is estimated 
that over 50% of agricultural land may be socialized [45]. 
Thus, Poland under a rather steady policy of relatively 
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large household farm sector versus socialized sector 
adequately fulfills the task of supplying the nation with 
food and agricultural raw materials for domestic consumption, 
industry and export [45]. Another socialist country where a 
relatively small socialized sector mainly in form of 
state farms coexists with a large peasant sector consisting 
of numerous small holdings of individual farm household 
unit is Yugoslavia. Here, the peasant sector comprises 
about 85% of cultivated land and 90% of livestock with 2.6 
million holdings of average farm size of about 3.5 hectares. 
Individual farm holdings is constitutionally limited to 
the maximum of 10 hectares similar to the Ethiopian case 
after the Land Reform Decree of March 1975. Yugoslavia's 
target growth rate for agriculture of about 3.5% is achieved 
with combination of the relatively large peasant holdings 
that grow about 3% per year and the socialized sector that 
grows by 6% per year with appropriate government investment 
according to the national plan [45]. This is adequate to 
cover the domestic demand for basic food stuffs and meeting 
export targets. Strong cooperation exists between the two 
sectors in terms of contracts and the use of machinery, 
fertilizer, and, improved seed. In the area of farm product 
pricing, Yugoslavia since 1957 adopted a guaranteed price 
scheme for farm commodities whereby the Federal Food Reserve 
Board purchases at the guaranteed price all quantities offered 
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for sale by farmers. As long as the market price remains 
above the guaranteed price,there is no market intervention. 
For state farms, the guaranteed prices are based on pro­
duction cost calculated each year for the main farm commodi­
ties in different regions [45]. 
Ethiopia since the revolution has taken the Socialist 
approach in seeking solutions to her economic development 
problems. In the process, as she takes lessons from his­
torical experience of other socialist countries, it is im­
portant for planners and policy makers to recognize that 
there are variations within the broad socialist approach to 
take into consideration. 
In conclusion, for the large agricultural sector of the 
Ethiopian economy to effectively play the key roles of pro­
viding capital in form of food and raw materials for domestic 
industry and export, and releasing the large rural labor 
force to join urban and nonfarm workers for rapid economic 
growth, increased productivity of land and labor is required 
in order to bring about large marketed surplus of farm com­
modities. 
The analysis of this dissertation has shown that such pro­
ductivity increases can be achieved on household farms by 
introducing simple new technologies in form of improved 
seed, fertilizer, and improved plow along with adequate 
supply of complementary operating capital. Based on this 
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analysis, planners and policy makers should design strategies 
and programs that enhance the development of household 
farms along with socialist production units (i.e., state 
farms and production cooperatives). 
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APPENDIX A: SUMMARY TABLES OF RESULTS 
Results from programming solutions for the 13 model 
situations for each area average farms (i.e., a total of 
42 optimal plans for the four farms) are presented on 
Tables A1 to A13. The tables show optimal resource allo­
cation and crop combinations for the 13 model situations 
depicting alternative combinations of technology, capital, 
labor, and farm objective function situations as defined in 
Chapter V, Table 17. 
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Table Al, Optimal resource use and activity levels under model 
Situation 1 
Crops 
produced 
Asela Bekoji Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 .28 .93 .42 
Barley .40 .43 .43 .60 
Teff .33 .25 - 1.06 
Maize .10 - - -13 
Field pea .17 .15 .19 -
Horse bean .12 .13 .13 -
Flax - .24 - -
Rape seed - - - -
Resource Un- Un- Un- Un-
use Used used MVP Used used MVP Used used MVP used used MPV 
Operating cap. 
(Birr) 75 - 5.08 75 - 8.5 75 - 4.15 75 - 6.3 
Mar.-June FLB 
(Birr) 158 422 - 170 410 - 144 436 - 150 430 -
July-Aug. LB 
(hrs) 10 330 - 12 328 - 13 327 - 17 323 -
Sept.-Oct LB 
(hrs) 138 402 - 141 399 - 159 381 - 242 288 -
Nov.-Dec. LB 
(hrs) 123 317 - 141 299 - 159 281 - 217 223 -
Jan.-Feb. LB 
(hrs) 168 372 - 144 396 - 186 354 - 170 370 -
SUMMARY 
Total land 
cultivated (ha) 1.33 1.48 1.68 2.21 
Gross income (Birr) 30 45 95 110 
Return per ha 
(Birr) 22.55 30.40 56.55 49.77 
Return per hour 
(Birr) .04 .07 .14 .13 
Return per unit 
of capital (Birr) 0.40 0.60 1.27 1.47 
% of Land cultivated 
(ha) 17.7% 19.7% 22.4% 29.5% 
% of Family labor 
used (hrs) 27.3% 24.9% 27.1% 33.0% 
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Table A2. Optimal resource use and activity levels under model 
Situation 2 
Crops 
produced 
Asela Bekoj i Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 .28 2.62 .42 
Barley .40 .43 .43 .60 
Teff 1.85 .25 - 3-14 
Maize .10 0 0 .31 
Field pea .17 .15 .19 -
Horse bean .12 .13 .13 -
Flax - 2.29 - -
Rape seed - - - -
Resource Un- Un- Un- Un-
use Used used MVP Used used MVP Used used MVP Used used MVP 
Operating cap. 
(Birr) 150 - 5.08 150 - 8.51 150 - 4.15 150 
Mar.-June LB 
(Birr) 347 233 - 375 205 - 298 282 - 305 275 -
July-Aug. LB 
(hrs) 22 318 - 28 312 - 27 313 - 34 306 -
Sept.-Oct. LB 
(hrs) 329 211 - 294 246 - 329 211 - 540 - 1.18 
Nov.-Dec. LB 
(hrs) 275 165 - 345 95 - 329 111 - 440 - .46 
Jan.-Feb. LB 
(hrs) 278 262 - 226 314 - 356 184 - ' 325 215 -
SUMMARY 
Total land 
cultivated (ha) 2.85 3.53 3.37 4.47 
Gross income 
(Birr) 378.05 683.28 406.53 551.45 
Return per ha 
(Birr) 132.65 193.56 120.63 123.37 
Return per 
hour (Birr) 0.30 0.54 0.30 0.34 
Return per unit 
of capital (Birr) 2.52 4.56 2.71 3.58 
% of Land cultivated 
(ha) 38% 47% 44.9% 59.6% 
% of Family labor 
used (hrs) 51.2% 52.0% 54.8% 67.4% 
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Table A3. Optimal resource use and activity levels under model 
Situation 3 
Asela , Bekoji Kofele Dera Crops 
11 ^  O ^  Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 .28 3.0 .42 
Barley .40 .43 .43 .50 
Teff 2.72 .25 - 2.14 
Maize .58 - - .31 
Field pea .17 .15 .19 -
Horse bean .12 .13 1.11 -
Flax - 3.24 - -
Rape seed .31 
Resource un­ un­ un­ un­
use used used MVP used used MVP used used MVP used used MVP 
Operating cap. 
(Birr) 258 42 - 185 115 - 213 87 - 150 150 -
Mar.-June LB 
(Birr) 570 10 - 470 110 - 402 178 - 305 275 -
July-Aug. LB 
(hrs) 31 309 - 35 304 - 38 302 - 34 305 -
Sept.-Oct. LB 
(hrs) 540 - 0.13 365 175 - 440 100 - 540 - 118 
Nov.-Dec. LB 
(hrs) 440 - 2.12 440 - 3.12 440 - 1.13 440 — 0.45 
Jan.-Feb. LB 
(hrs) 540 - 0.31 254 275 - 540 - .55 325 215 -
SUMMARY 
Total land 
cultivated (ha) 4.51 4.48 4.73 3.47 
Gross income 
(Birr) 835.00 980.15 549.00 551.00 
Return per ha 
(Birr) 181.13 •218.79 137.21 •123.27 
Return per 
hour (Birr) 0.45 0.52 0.35 0.34 
Return per unit 
of capital (Birr) 3.24 5.30 3.05 3.57 
% of Land cultivated 
(ha) 51.46% 59.70% 53.00% 59.50% 
% of Family labor 
used (hrs) 74.5% 52.3% 75.2% 57.4% 
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Table A4. Optimal resource use and activity levels under model 
Situation 4 
Crops 
produced 
Asela Bekoji Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 .28 .62 .42 
Barley .40 .43 .43 .60 
Teff .35 .45 - 1.06 
Maize .10 - - .13 
Field pea .17 .15 .19 -
Horse bean - - .13 -
Flax - - - -
Rape seed - - - -
Teff Imp. - - .15 -
H. bean Imp. .09 .10 - -
Resource Un­ Un­ Un­ Un­
use Used used MVP Used used MVP Used used MVP Used used MVP 
Operating cap. 
(Birr) 
Mar.-June LB 
75 - 5.08 75 - 4.62 75 - 4.15 75 - 6.3 
(Birr) 152 428 - 163 417 - 126 454 - 150 430 -
July-Aug. LB 
(hrs) 10 330 - 11 329 - 13 327 - 17 323 -
Sept.-Oct. LB 
(hrs) 139 401 - 146 394 - 155 385 - 252 288 -
Nov.-Dec. LB 
(hrs) 123 317 - 135 305 - 144 296 - 217 223 -
Jan. -Feb. LB 
(hrs) 169 371 - 148 392 - 171 396 - 170 370 -
SUMMARY 
Total land 
cultivated (ha) 1.32 1.41 1.52 2.21 
Gross income 
(Birr) 33.50 47.00 37.00 110.00 
Return per ha 
(Birr) 25.4 33.3 24.34 49.77 
Return per 
hour (Birr) 0.06 0.08 0.06 0.14 
Return per unit 
of capital (Birr) 0.45 0.63 0.49 1.47 
% of Land cultivated 
(ha) 17.6% 18.8% 20.3% 29.5% 
% of Family labor 
used (hrs) 24.3% 24.7% 25.0% 33.0% 
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Table A5. Optimal resource use and activity levels under model 
Situation 5 
Crops 
produced 
Asela Bekoji Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 .28 2.32 .20 
Barley .40 .43 .43 .60 
Teff 1.87 2.02 .15 3.38 
Maize .10 - - .13 
Field pea .17 .15 .19 -
Horse bean - - .13 -
Flax - - - -
Rape seed - - - -
Wheat Imp. - - - .12 
Barley Imp. - - - -
Teff Imp. - - - -
Maize Imp. - - - -
F. pea Imp. .09 - - -
H. bean Imp. - .10 - -
Flax Iitç). - - - -
Rape seed Imp. - - - -
Resource un­ un­ un­ un­
use used used MVP used used MVP used used MVP used used MVP 
Operating cap. 
(Birr) 150 5.08 150 - 4.62 150 - 4.15 150 - 3.43 
Mar.-June LB 
(Birr) 341 239 - 357 223 - 279 301 - 300 280 -
July-Aug. LB 
(hrô) 22 318 - 24 316 - 27 313 - 36 304 -
Sept.-Oct. LB 
(hrs) 329 211 - 342 198 - 326 214 - 533 7 -
Nov.-Dec. LB 
(hrs; 275 165 - 291 149 - 314 128 - 440 - .S 
Jan.-Feb. LB 
(hrs) 279 261 - 248 292 - 341 199 - 300 240 -
SUMMARY 
Total land 
cultivated (ha) 2.84 2.98 3.22 4.43 
Gross income 
(Birr) 381.13 360.50 348.48 562.60 
Return per ha 
(Birr) 134.2 120.97 108.22 127.00 
Return per 
hour (Birr) 0.31 0.37 0.27 0.35 
Return per unit 
of capital (Birr) 2.54 2.40 2.32 3.75 
% of Land cultivated 
(ha) 37.8% 39.7% 42.9% 59.0% 
% of Family labor 
used (hrs) 51.0% 39.4% 52.7% 65.9% 
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Table A6. Optimal resource use and activity levels under model 
Situation 6 
Crops Asela Bekoji Kofele Dera 
produced Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 - .25 -
Barley - - .37 -
Teff 1.99 1.97 - -
Maize .10 - - 1.18 
Field pea - .15 - -
Horse bean - - - -
Flax - - - -
Rape seed .69 .71 - -
Wheat Imp. - .15 - .23 
Barley Imp. .25 .24 .04 .43 
Teff Imp. 1.03 1.15 2.19 1.39 
Maize Imp. - - - .56 
F. pea Imp. .10 - .09 -
H. bean Imp. .09 .10 1.12 -
Flax Imp. - - - -
Rape seed Imp. - - - -
Resource Un­ un­ Un­ un­
use Used used MVP used used MVP Used used MVP used used MVP 
Operating cap. 
(Birr) 30C - 2 .94 300 - 3.08 300 - 2.62 300 - 1.53 
Mar.-June LB 
(Birr) 471 109 - 460 120 - 233 347 - 233 347 -
July-Aug. LB 
(hrs) 42 298 - 44 296 - 51 289 - 44 296 -
Sept.-Oct. LB 
(hrs) 540 - .30 540 - .19 540 .74 540 - 1.16 
Nov.-Dec. LB 
(hrs) 440 - .69 440 - .51 376 54 - 367 73 -
Jan.-Feb. LB 
(hrs) 511 29 - 466 74 - 540 .04 540 - .03 
SUMMARY 
Total land 
cultivated (ha) 4.46 4.47 4.06 3.78 
Gross income 
(Birr) 1002.00 947.00 931.00 830.00 
Return per ha 
(Birr) 224.66 211.86 229.31 219.58 
Return per 
hour (Birr) 0.50 0.48 0.54 0.48 
Return per unit 
of capital (Birr) 3.34 3.16 3.10 2.76 
% of Land cultivated 
(ha) 59.4% 59.5% 54.1% 50.4% 
% of Family labor 
used (hrs) 82.1% 79.9% 71.3% 70.6% 
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Table A7. Optimal resource use and activity levels under model 
Situation 7 
Crops 
produced 
Asela Bekoji Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat - - - -
Barley - - - -
Teff - - - -
Maize - - - -
Field pea - - - -
Horse bean - - - -
Flax - - - -
Rape seed - - - -
Wheat Imp. .13 .15 .13 .23 
Barley Imp. .25 .24 .25 .43 
Teff Imp. 2.61 2.57 2.57 2.26 
Maize Imp. .05 - - .52 
F, pea Inç). .10 .09 .09 -
H. bean Imp. .09 .10 .11 -
Flax Imp. - - - -
Rape seed Imp. .48 .76 .76 -
Resource un­ Un­ Un­ Un­
use used used MVP Used used MVP Used used MVP Used used MVP 
Operating cap. 
(Birr) 372 128 - 389 111 - 377 23 - 330 170 -
Mar.-June LB 
(Birr) 248 332 - 270 310 - 232 348 - 195 385 -
July-Aug. LB 
(hrs) 59 281 - 53 287 - 53 287 - 49 291 -
Sept.-Oct. LB 
(hrs) 
Nov.-Dec, LB 
(hrs) 
Jan.-Feb. LB 
(hrs) 
540 
355 
540 
- 1.35 540 
75 - 385 
- 1.38 540 
- 1.24 540 
55 - 385 
- 1.39 540 
- 1.24 540 - 1.60 
55 — 334 106 — 
- 1.39 540 - 0.45 
SUMMARY 
Total land 
cultivated (ha) 3.71 
Gross income 
(Birr) 1112.00 
Return per ha 
(Birr) 299.73 
Return per 
hour (Birr) 0.63 
Return per unit 
of capital (Birr) 2.99 
% of Land cultivated 
(ha) 49.5% 
% of Family labor 
used (hrs) 71.8% 
3.91 
1113.35 
284.74 
0 .62  
2.86 
52.1% 
73.3% 
3.91 
1112.13 
284.70 
0.63 
2.95 
52.1% 
71.7% 
3.44 
875.47 
254.40 
0.53 
2.65 
45.8% 
67.9% 
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Table A8. Optimal resource use and activity levels under model 
Situation 8 
Crops 
produced 
Asela Bekoji Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat .21 .28 3.17 .42 
Barley .40 .43 .43 .60 
Teff 2.09 .25 - 5.88 
Maize .10 - - .60 
Field pea .17 .15 .19 -
Horse bean .12 .13 .13 -
Flax - 4.34 3.24 -
Rape seed 1.57 
Resource 
use 
un­
used used MVP 
un­
used used MVP 
Un-
Used used MVP 
un­
used used MVP 
Operating cap. 
(Birr) 259 41 - 225 75 268 32 - 250 50 -
Mar.-June LB 
(Birr) 580 - 1.43 580 - 3.12 580 - .29 514 66 — 
July-Aug. LB 
(hrs) 27 313 - 45 295 57 283 - 56 284 -
Sep.-Oct. LB 437 103 - 448 92 0 540 — — 540 - — 
Sep.-Oct. CLE* - — — - - 87 - - 387 - -
Nov.-Dec. LB 440 - - 440 - 440 — — 440 - — 
Nov.-Dec. CLB® 16 — — 110 - 268 — — 298 - — 
Jan.-Feb. LB 540 .51 308 232 540 - 1.56 540 .13 
SUMMARY 
Total land 
cultivated (ha) 4.66 
Gross income 
(Birr) 788.20 
Return per ha 
(Birr) 169.14 
Return per 
hour (Birr) 0.39 
Return per unit 
of capital (Birr) 3.04 
% of Land cultivated 
(ha) 62.1% 
% of Family labor 
used (hrs) 83.0% 
5.58 
1324.12 
237.30 
0.73 
5.88 
74.4% 
74.6% 
7.16 
776.38 
108.43 
0.36 
2.90 
95.5% 
88.4% 
7.50 
1145.09 
152.68 
0.55 
4.58 
100.0% 
85.7% 
Cooperative labor. 
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Table A9. Optimal resource use and activity levels under model 
Situation 9 
Crops 
produced 
Asela Bekoji Kbfele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat - - 3.4 -
Barley - - - -
Teff 1.74 - - 4.32 
Maize - - - -
Field pea - - - -
Horse bean - - 1.3 -
Flax - 4.4 
Rape seed 2.65 - - -
Resource Un- Un- Un- Un-
use Used used MVP Used used MVP Used used MVP Used used MVP 
Operating cap. 
(Birr) 251 49 - 162 138 - 213 87 - 133 167 -
Mar.-June LB 
(Birr) 562 18 - 440 140 - 402 178 - 294 286 -
July-Aug. LB 
(hrs) 19 321 - 35 305 - 38 302 - 35 305 -
Sep.-Oct. LB 
(hrs) 351 189 - 330 210 - 440 100 - 540 - 155 
Nov.-Dec. LB 
(hrs) 440 - 1.70 440 - 3.12 440 - 1.27 432 8 -
Jan.-Feb. LB 
(hrs) 540 - .62 176 364 - 540 - .55 242 298 -
SUMMARY 
Total land 
cultivated (ha) 4.4 4.4 4.7 4.3 
Gross income 
(Birr) 1081.00 1373.75 858.10 835.50 
Return per ha 
(Birr) 245.68 312.20 182.57 194.30 
Return per 
hour (Birr) 0.57 0.97 0.46 0.54 
Return per unit 
of capital (Birr) 4.3 8.48 4.03 6.28 
% of Land cultivated 
(ha) 58.7% 58.7% 62.6% 57.3% 
% of Family labor 
used (hrs) 78.4% 58.2% 76.2% 63.2% 
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Table AlO. Optimal resource use and activity levels under model 
Situation 10 
Crops 
produced 
Asela Bekoji Kofele Dera 
Wheat 
Barley 
Teff 
Maize 
Field pea 
Horse bean 
Flax 
Rape seed 
Wheat Imp. 
Barley Imp. 
Teff Imp. 
Maize Imp. 
Field pea Imp. 
Horse bean Imp. 
Flax Imp. 
Rape seed Imp. 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
.10 
.12 
.13 
.25 
3.53 
.10 
.13 
.13 
.15 
.24 
4.05 
.09 
.13 
.13 
.25 
4.05 
.09 
.23 
.43 
4.47 
Resource Un- Un- Un- Un-
use Used used MVP Used used MVP Used used MVP Used used MVP 
394 106 -
295 285 -
65 275 -
540 - -
147 - -
415 25 -
Operating cap. 
(Birr) 
Mar.-June LB 
(Birr) 
July-Aug. LB 
(hrs) 
Sep.-Oct. LB 
(hrs) 
Nov.-Dec. LB 
(hrs) 
Jan.-Feb. LB 
(hrs) 
SUMMARY 
Total land 
cultivated (ha) 
Gross income (Birr) 
Return per ha (Birr) 
Return per hr (Birr) 
Return per unit 
of capital (Birr) 
% of Land cultivated 
(ha) 
% of Family labor 
used (hrs) 
428 72 
318 262 
73 267 
540 
224 
440 
413 87 
271 309 
74 266 
540 
224 
440 
430 
276 
82 
540 
326 
440 
70 -
304 -
258 -
4.23 
1299.02 
307.10 
0.70 
3.30 
56.4% 
76.0% 
4.66 
1390.23 
298.33 
0.73 
3.25 
62.13% 
78.3% 
4.65 
1389.34 
298.78 
0.75 
3.36 
62.0% 
76.4% 
5.25 
1399.S6 
266.66 
0.74 
3.26 
70.0% 
76.9% 
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Table All. Optimal resource use and activity levels under model 
Situation 11 
Crops 
produced 
Asela Bekoji Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat - - - -
Barley - - - -
Teff - - - -
Maize - - - -
Field pea - - - -
Horse bean - - - -
Flax - - - -
Rape seed - - - -
Wheat Imp. - - - -
Barley Imp. - - - -
Teff Imp. 2.78 2.73 2.73 2.50 
Maize Imp. - - - .65 
Field pea Imp. - - - -
Horse bean Imp - - - -
Flax Imp. - - - -
Rape seed Inçi. 1.06 1.26 1.26 -
Resourse Un- Un­ Un­ Un­
use Used used MVP Used used MVP Used used MVP Used used MVP 
Operating cap. 
(Birr) 393 107 - 406 94 - 394 106 - 324 176 -
Mar.-June LB 
(Birr) 261 319 - 286 294 - 246 334 - 185 395 -
July"Aug. LB 
(hrs) 61 279 - 49 291 - 49 291 - 43 297 -
Sep.-Oct. LB 
(hrs) 540 - 1.35 540 - 1.24 540 - 1.24 540 - 1.66 
Nov.-Dec. LB 
(hrs) 384 56 - 398 42 - 398 42 - 305 135 -
Jan.-Feb. LB 
(hrs) 540 - 1.38 540 - 1.39 540 - 1.39 540 .45 
SUMMARY 
Total land 
cultivated (ha) 3.84 3.99 3.98 . 3.20 
Gross income 
(Birr) 1475.70 1421.32 1421.32 1137.14 
Return per ha (Birr) 384.30 356.20 356.20 355.36 
Return per hr (Birr) 0.83 0.78 0.80 0.70 
Return per unit 
of capital (Birr) 3.75 3.50 3.60 3.51 
% of Land cultivated 
(ha) 51.2% 53.2% 53.2% 42.7% 
% of Family labor 
used (hrs) 73.2% 74.3% 72.7% 66.0% 
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Table A12. Optimal resource use and activity levels under model 
Situation 12 
Crops 
Asela Bekoj i Kofele Dera 
Activity level Activity level Activity level Activity level 
produced (ha) (ha) (ha) (ha) 
Wheat - - - -
Barley - - - -
Teff - - - -
Maize - - - -
Field pea - - - -
Horse bean .12 .13 .13 -
Flax - - - -
Rape seed - - - -
Wheat Imp. .13 .15 .13 .23 
Barley Imp. .25 .24 .25 .43 
Teff Imp. 3.53 4.05 4.05 4.47 
Maize Imp. .05 .09 .09 .06 
Field pea Imp. .10 - - -
Horse bean Imp - - - -
Flax Imp. - - - -
Rape seed Imp. - - - -
Resource Un- Un­ Un­ Un­
use Used used MVP Used used MVP Used used MVP Used used MVP 
Operating cap. 
(Birr) 395 105 428 72 - 413 87 - 433 67 -
Mar-June LB 
(Birr) 285 294 318 262 - 271 309 - 271 309 -
July-Aug. LB 66 274 73 267 - 74 266 - 82 258 -
Sep.-Oct. LB ^  540 — — 540 - - 540 - .15 540 .15 
Sep.-Oct. HRL 139 .15 224 - .15 224 - - 316 — — 
Nov.-Dec. LB 411 29 440 - - 440 - .15 440 .15 
Nov.-Dec. HRL - — — 20 - .15 20 - - 77 — — 
uan.—Feb. LB 540 3.26 540 3.08 540 3,08 540 - 3.04 
SUMMARY 
Total land 
cultivated (ha) 4.18 4. 66 4 .65 5.20 
Gross income 
(Birr) 1277.00 1354. ,00 1353 .00 1340.00 
Return per ha (Birr) 1 305.50 290, .56 291 .00 258.20 
Return per hr (Birr: 1 0.69 0, .64 0 .72 0.72 
Return per unit 
of capital (Birr) 3.23 . 3 .16 3 .30 3.09 
% of Land cultivated 
(ha) 55.7% 62 .1% 62 .0% 69.2% 
% of Family labor 
used (hrs) 75.5% 86 .5% 77 .3% 76.8% 
H^ired labor. 
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Table Al3. 
Crops 
produced 
Optimal resource use and activity levels under model 
Situation 13 
Asela Bekoj i Kofele Dera 
Activity level Activity level Activity level Activity level 
(ha) (ha) (ha) (ha) 
Wheat 
Barley 
Teff 
Maize 
Field pea 
Horse bean 
Flax 
Rape seed 
Wheat Imp. 
Barley Imp. 
Teff Imp. 
Maize Imp. 
Field pea Imp. 
Horse bean Imp. 
Flax Iinp. 
Rape seed Imp. 
4.82 5.2 5.2 5.6 
Resource 
use 
un­
used used MVP 
un­
used used MVP 
Un-
Used used MVP 
un­
used used MVP 
304 
440 
42 
540 
Operating cap. 
(Birr) 
Mar.-June LB 
(hrs) 
July-Aug. LB 
Sep.-Oct. LB 
Sep.-Oct. HRL 
Nov.-Dec. LB 
Nov.-Dec. HRL 
Jan.-Feb. LB 
SUMMARY 
Total land 
cultivated (ha) 
Gross income (Birr) 
Return per ha (Birr) 
Return per hr (Birr) 
Return per unit 
of capital (Birr) 
% of Land cultivated 
(ha) 
% of Family labor 
used (hrs) 
444 56 -
328 252 -
77 263 -
540 - — 
470 30 - 454 46 -
.15 
.15 
4.8 
1833.29 
381.93 
0.95 
4.13 
64.0% 
78.9% 
353 
83 
540 
369 
440 
79 
540 
227 -
257 -
.15 
.15 
5.2 
1812.43 
348.54 
0.93 
3.86 
69.3% 
80.2% 
301 
83 
540 
369 
440 
79 
540 
279 -
257 -
469 31 -
293 287 -
90 250 
540 - -
.15 444 
440 
.15 123 
5.2 
1812.43 
348.54 
0.95 
3.99 
69.3% 
78.0% 
.15 
.15 
5.6 
1788.10 
319.30 
0.94 
3.81 
74.7% 
78.0% 
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APPENDIX B: UNITS OF MEASURE AND CURRENCY 
1. Area 
1 hectare (ha) = 2.47 acres 
2. Weight 
1 metric quintal (qu) = 100 kilograms 
1 kilogram (1 kg) = 2.20 pounds (lb) 
3. Yield 
1 kilogram = 0.368 bushels 
1 bushel = 27.172 kg = 40.2 to pounds (lb) 
100 kilograms per hectare (kg/ha) = 1.49 bushes 
(60 lbs) per acre 
4. Currency 
1 Birr = 0.48 U.S. $1.00 = 2.07 Birr 
5. Length 
1 meter = 1.09 yards 
1 kilometer (km) = 0.62 miles 
1 centimeter (cm) = 2.54 inches 
